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of  the  globe,  so  lliat  the  observer  who  makes  JiimseU 
familiar  witli  our  strata,  and  tlie  fossil  remains  which  they 
include,  has  not  only  prepared  himself  for  similar  inquiries 
in  other  quarters,  but  is  already,  as  it  were,  acquainted  by 
anticipation  with  what  he  must  expect  to  find  there.*  And 
he  indul^^es  the  hope  that  liis  volume  may  prove  an  intro- 
duction and  incentive  to  llie  study  of  theirs. 

The  author  has  likewise  diligently  availed  himself  of  the 
ample  means  accumulated  in  the  Ossejiiens  Fosxiicji!  of  Baron 
Cuvier,  tlie  Philosophical  and  Geological  Transactions,  &c, 
of  enlivening  the  dark  catacombs  of  the  eardi,  by  inter- 
spersing among  his  descriptions  of  its  mineral  planes,  an 
account  of  titeir  ancient  tenants.  By  transferring  to  his 
pages,  systematic  exemplars  of  the  analytical  science  dis- 
played by  the  great  naturalist  of  France,  in  restoring 
antediluvian  zoology,  he  expects  to  make  them  peculiarly 
attractive  to  the  English  reader. 

In  a  book  intended  for  general  perusal,  perhaps  an 
apology  may  be  due  for  the  apparent  abstruseness  of  the 
chapter  on  Light.  But  this  was  a  subject  of  such  vital 
interest  to  the  proposed  line  of  inquiry,  that  the  author 
would  have  deemed  himself  highly  culpable,  either  to  have 
omitted  it  altogether,  or  to  have  treated  it  in  a  more 
superficial  manner.  He  has  spared  no  pains  to  simpliiy 
the  disquisition;  and  he  believes  that  a  moderate  mental 
elTbrt  will  surmount  every  ob.^tacle  to  its  comprehension. 
At  any  rate,  the  conclusions  ore  perfectly  clear  and  satis- 
factory. 

The  liberal  spirit  of  the  Publishers  has  enabled  him  to 
enrich  xhe  work  with  a  series  of  illustrations  in  copper 
and  wood,  numerous  and  costly  much  beyond  die  general 
nde  of  the  trade;  advantages  for  which  he  is  truly  grateful. 

GtoMffom,  Jan.  S6lA,  18S9. 


•  See  Dr.  Fitton's  eloquent  !naiig»iral  Address  from  the  Pre«dciit*» 
Chair,  to  the  Geological  Society,  Feb.  5th,  1B£8. 
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The  formation  and  revolutions  of  the  earth,  are  sub- 
jects of  the  highest  interest  to  man,  and  liave  exercised 
inquisitive  minds  in  every  age.  The  first  philosopliy  of 
Greece  consisted  of  physical  cosmogony,  discussed,  how- 
ever, in  a  melapliysical  manner.  Ideal  elementary  powers 
and  substances  were  assumed,  to  which  a  multitude  of  phe- 
nomena, ill-observed  and  falsely  grouped,  were  referred. 
To  deduce  one  efficient  cause  from  tlie  careful  collation  of 
analogous  effects,  was  too  humble  and  irksome  a  process, 
for  the  ma:3ters  of  the  Ionic,  Italian,  or  Attic  schools. 
Their  spirit  was  essentially  dogmatic.  Each  arrogated 
supremacy  and  infallibility  to  his  creed,  using  every  artifice 
to  kindle  tlie  zeal  of  proselytism  in  the  breasts  of  his 
disciples.  They,  unconscious  of  the  falsehood  of  their 
master's  iLxioms,  and  the  sophistry  of  his  arguments,  pre- 
pagaled  the  most  absurd  tenets  without  reserve. 

Visionaries  of  this  stamp  usurped  tiie  rank  of  philosophers, 
bringing  the  very  name  into  contempt.  Such  were  almost 
all  the  wranglers  who  infested  Athens,  and  otlier  celebrated 
cities  of  Ancient  Greece,  under  the  title  of  Sophists  and 
Sages.  After  perverting,  with  impious  speculations,  the 
heacb  and  hearts  of  their  countrymen,  thry  have  bequeathed 
in  their  imperishable  language,  a  legacy  of  vain  imagina- 
lioDS  to  ever}'^  coming  age.  These  dreamers  have  supplied 
not  only  our  modern  metaphysicians  with  much  of  their 
syllogistic  chicane,  but  they  have  afforded  materials  of 
many  geological  reveries.  How  humiliating  is  it  to  see 
the  best  powers  of  reason,  and  the  holiest  aspirations  of 
the  heart,  still  sacrificed  by  science  falsely  so  called,  to  these 
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beuthea  phaiUoms;  a  century  alter  Newton,  aiid  two  cen- 
turies after  Galileo,  hat!  laid  open  the  true  Temple  of 
Nature,  in  wliicli  man  is  ordained  and  qualified  to  offer  a 
reasonable  service ! 

how  well  tins  censure  of  Greciun  learning  is  merited, 
we  may  judge  from  the  account  given  by  Bruckcr,  of  the 
philosophy  of  Leucippus.  "The  universe  which  is  infinite, 
is  in  part  a  plenum,  and  in  part  a  vacuum.  The  plenum 
contains  innumerable  corpuscles  or  atoms  of  various  figures, 
wliicii  falling  into  the  vacuum,  struck  ugainsi  each  other ; 
and  hence  arose  a  variety  of  curvilinear  motions,  which 
continued  till  at  length  atoms  of  similar  forms  met  together, 
and  bodies  were  produced.  The  primary  atoms  being 
specifically  of  equal  weight,  and  not  being  able,  on  account 
of  their  multitude,  to  move  in  circles,  the  smaller  rose  to 
the  exterior  parts  of  the  vacuum,  whilst  the  larger  eulaog- 
ling  tliemselves,  formed  a  spherical  shell,  which  revolved 
about  its  centre,  and  which  included  within  it  all  kinds  of 
bodies.  This  central  mass  was  gradually  increased  by  a 
perpetual  accession  of  particles  Ixoni  the  surrounding  shell, 
till  at  last  the  earth  was  formed.  In  the  meantime,  the 
spherical  shell  was  continually  supplied  with  new  bodies, 
which,  in  its  revolution,  it  gathered  up  from  without.  Of 
the  particles  thus  collected  in  the  spherical  shell,  some  in 
tlieir  combination  formed  humid  masses,  which,  by  their 
circular  motion,  gradually  became  dry,  and  were  at  length 
ignited,  and  became  stars.  The  sun  was  formed  in  tlic 
same  manner  in  die  exterior  surface  of  the  shell ;  and  the 
moon  in  its  interior  surface.  In  this  manner  the  world  was 
formed."  According  to  Epicurus,  those  atoms  which  were 
lightest,  mounted  up  and  formed  the  air,  the  heavens,  and 
the  stars;  whilst  the  more  sluggish  subsided,  and  formed 
tlie  eiU'th  on  which  the  human  congeries  of  atoms  move 
about. 

That  men,  by  uttering   such  conceits,  should  gain  the 
reputation  of  superior  wisdom,  would  hardly  be  credited. 
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did  we  not  meet  with  modern  speculations  in  Cosmogony 
no  less  extravagant,  however  they  be  disguised  in  the  scieri* 
dfic  language  of  the  day.  Our  world-framers  easily  shakd 
off  the  shackles  of  inductive  logic,  and  run  a  fearless  career. 
They  will  sneer  at  the  pi*etended  infallibility  of  papal  dog* 
mas,  and  the  immutability  of  papal  decrees  on  tlie  mys- 
teries of  faith,  but  do  not  scruple  to  avow  doctrines  relative 
to  objects  of  sense,  as  [)reposteroiis  as  any  ever  uttered  from 
the  Vatican.  This  persuasion  of  certainty  in  his  judgments 
may  be  somewhat  pardonable  in  the  churchman,  who  be- 
lieves himself  guided  by  divine  inspiration.  The  student 
of  nature,  however,  knowing  nothing  of  her  attributes,  but 
whut  he  can  decipher  by  vigilant  observation  of  her  mul- 
tiform phases,  or  by  experimental  inquiry,  should  ever 
preserve  the  humble  docility  of  a  scholar.  Like  Galileo 
and  Pascal,  his  only  care  should  be,  to  arrange  in  a  well 
ordered  series,  the  record  of  facts,  and  collating  them  by 
the  kindred  rules  of  logic  and  geomclr)%  to  trace  out  their 
general  results.  Into  a  mind  thus  disciplined,  the  spirit 
of  dogmatism  can  hardly  enter.  We  may  rest  assuredi 
therefore,  that  the  eager  systematist  who  would  heap  Ossa 
on  Pelion,  to  complete  his  scheme,  is  no  master  architect 
in  science. 

Bacon  was  the  first  who  clearly  showed  the  danger 
of  cherishing  false  notions,  which  became  eveniunlly  so 
incorporated  with  the  understanding,  as  to  occupy  it  exclu- 
sively, to  the  admission  or  right  perception  of  truth.  His 
denunciation  of  these  idois,  as  he  justly  termed  them,  is  per- 
haps the  most  valuabh-  part  of  the  novum  orgcmunu  How 
dangerous  such  phantoms  may  liecome  to  man,  when  asso* 
ciated  with  the  mystery  of  his  being  and  destiny,  the  history 
of  all  Polytheism  attests.  When  we  contemplate  idolatry, 
in  the  abominable  rites  of  paganism,  whether  barbarous 
or  civilized,  we  feel  usliamed  of  our  common  nature  thus 
debased  beneath  the  level  of  the  brute  creation.  »So  shocking 
indeed  is  the  retrospect  to  the  pride  of  man,  that  were  the 
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|€acred  Scriptures  die  sole  register  of  such  superstitions, 
leir  testimony  woiiUI  hescornfiiliy  rejected  by  ourniotlern 
itoics,  who,  while  surrounded  by  an  almost  universal  em- 
of  passion  and  appetite,  have  the  etfronlery  to  proclaim 
the  innate  goodness,  perleciibility)  and  dignity  of  human 
nature.  Now,  though  tlic  worship  of  the  molten  statue, 
the  block,  the  reptile,  or  die  host  of  heaven,  may  have 
ceased  among  us,  idolatry  still  prevails  in  more  insidious 
forms.  The  philosopher  fashions,  after  his  own  caprice, 
Strange  gods,  he  adorns  tlieir  images  with  every  meretricious 

Wt,  and  sets  them  up  to  the  adoration  of  mankind.  Such 
IS  die  idolatry  of  a  more  refined  age,  which  successive 
Idealists  have  remo<lclled  from  time  to  time.  Each  is 
eager  to  supersede  or  dethrone  the  governor  of  the  uni- 

[iperse,  and  to  substitute  in  his  stead  mere  physical  forces, 
acting  in  a  continuous  or  interrupted  train,  to  suit  their 
fantastic  germs  of  organic  and  inorganic  being. 

Metaphysical   systems  have  had    their  day   of  fashion. 
The  world  will  no  longer  be  a^ritaled  with  researches  which 

.move  in  a  vortex,  without  visible  progression.  Under  this 
Impression,  Pyrrhonists  begin  to  fight  with  the  more  solid 

'ftreapons  of  physics;    though  the  principle    of  their  war- 

'fiire,  the  exclusion  of  divine  agency,  be  still  the  same. 
"Lightly  esteeming,  or  disregarding  altogether,  the  concerns 

>of  the  unseen  and  future  world,  and  concentring  all  their 

[thoughts  and  nlTections  round  the  present  pleasures  and 
vanities  of  life,  diey  are  willing  to  recognise  matter  as  the 
only  source  of  their  being,  and  physical  forces  as  the  sole 
creative  and  conservative  powers.  Like  the  giants  of  my- 
iliolog}^,  they  ransack  every  region  of  their  mother  earth, 
•rnal  and  external,  for  arms  against  the  Invisible  Omni- 
>lence,  and  thence  rise  up  with  delusive  vigour  to  the 
combat : 


Cum  ictigerc  parentem. 


Jam  ddcctt  vigent  renovRta  roborc  membra  "• 


Lucan,  Lib.  IV.  v.  flOi). 


DOGMATISM  TO  BE  DEPRECATTD.  IfJSi 

The  structure  and  revoiutions  of  the  earth,  as  explored 
by  Geology,  have  opened  a  vast  field,  in  which  the  cham- 
pions of  scepticism  and  revelation  have  latterly  waged 
incessant  warfare.  In  this  contest,  however,  passion  and 
prejudice  have  too  often  usurped  the  place  of  knowledge, 
on  both  sides,  and  hence  a  victory  has  often  been  claimed 
by  either  party.  Vet  no  truce  between  the  combalanls 
can  take  place,  far  less  a  final  discomfiture  to  the  enemies 
of  religion,  till  it  be  sliown  thai  the  physical  events  apper- 
taining to  the  creation  and  the  deluge,  as  described  by 
Moses,  are  not  discordant  with  the  legitimate  deductions 
of  physical  science.  Believing  both  systems  of  knowledge, 
that  of  Inspiration  and  Nature,  to  emanate  from  the  same 
Author,  we  may  rest  assured  that  each,  if  rightly  under- 
stood, will  harmonize  with  the  otlier.  Whenever  dissonance 
is  produced  between  them,  it  may  be  traceil  to  the  touch  of 
an  unskilful  or  an  unhallowed  liand. 

However  momentous  the  interests  involve<l  in  this 
inquiry  may  be,  it  demands,  however,  the  utmost  delicacy 
and  circumspection.  Every  approach  to  controversial 
acrimony  should  be  deprecated.  Tl\e  advocates  of  religion 
do  not  always  bear  in  mind  that  compassion  is  the  only 
feelins  which  thcv  are  allowed  to  entertain  towards  those' 
who  unhappily  iwunt  the  faith  essential  to  salvation.  The 
more  violent  llieir  rejection  of  the  Christian  doctrine,  the 
more  gentle  should  its  teachers  be  in  addressing  unbelievers. 
Dogmatic  virulence  never  made  a  convert. 

I  am  well  aware  tliat  the  Mosaic  record  of  creation  has 
been  often  expounded,  in  a  manner  equally  hostile  lo  science 
and  religion.  Many  commentators  on  sacred  writ  have 
unwittingly  afforded  handles  to  argument  and  ridicide, 
Against  which  the  text  itself  was  entirely  proof.  This 
blending  of  revealed  and  natural  knowledge  has  been 
denounced  by  Professor  Playfair,  In  die  following  terms,  the 
poignancy  of  which  might  be  more  keenly  ftll  by  Tlieo- 
logians,  had  not  the  philosopher  himself,  carried  back  his 
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geological  inquiries  lo  a  period  still  more  remote  and  mys- 
terious, than  they  have  ever  done.  "  Proceeding  in  direct 
opposition  lo  rules  thai  have  never  yet  been  violated  with 
impunity,  and  mistaking  the  true  objects  of  a  theory  of 
the  earth,  they  carry  back  their  inquiries  lo  a  period 
prior  to  the  present  series  of  causes  and  effects,  where, 
having  neither  experience  nor  analogy  to  direct  them,  they 
pretend  to  be  guide<l  by  a  superior  light-"*  In  animad- 
verting on  tlie  geological  schemes  of  Kirwan  and  Deluc, 
with  just  severity,  he  says,  "  With  a  spirit  as  injurious  to 
the  dignity  of  religion,  as  to  the  freedom  of  philosophical 
inquiry,  they  liave  disregarded  a  maxim  enforced  by  the 
authority  of  Bacon,  and  by  all  our  experience  of  the  past. 
'  Tanlo  magut  htec  vunitas  in/uhentla  vcnit  rt  coercendo^  qtiia 
sx  dioinorum  et  humauornm  malesana  aJmixtione,  iion  soium 
tdHcittcr  phihaophia  phatttastica^  sed  tliam  religio  hwrctica, 
Itatput  saltUare  adinodum  eMy  si  vietUe  sobria,  fidei  tantum 
detUur^  tjiue  Jidei  sunt  J  " 

'*  IJ'  vain  conceits,"  says  Bacon,  "  come  to  be  held  in 
veneration,  the  understanding  succunil)s>  as  if  seized  with  the 
plague.  Some  moderns  have  indulged  in  this  vanity  with 
so  little  discretion,  that  thpy  have  endeavoured  to  establish 
a  body  of  natural  philosophy,  on  the  first  chapter  of 
Genesis,  the  book  of  Job,  and  some  other  of  the  sacred 
writings;  thus  seeking  the  living  among  the  dead.  This 
vanity  merits  castigation  and  restraint  the  more^  as  from 
tlie  miscliievous  admixture  of  divine  and  human  things, 
tliere  is  compounded  at  once  a  fantastical  philosophy,  and 
a  heretical  religion.  It  is  therefore  most  salutary,  with  a 
sober  mind,  to  render  to  faith,  what  belongs  to  i'ailh.'*f 

The  censure  here  bestowed  on  dtnse  who  construct 
schemes  of  philosophy  on  scripture  texts,  is  perfectly  just, 
but  it  does  not  apply  to  those  who  endeavour  to  prove,  by 


•  riiiyfiur'fl  Works,  \^ol.  I.  p.  467. 
f  Novum  Orgnniuu,  Aphor.  LXV« 
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inductive  evidence,  that  the  conclusions  of  philosophy  are 
not  discordant  with  the  order  of  physical  events,  recorded 
by  Moses.  The  object  of  Bucon's  reprobation  is  not  the 
besetting  sin  of  the  present  age.  Science  must  now  be 
built  up  on  its  own  foundations,  by  its  own  rules,  and  with 
its  own  materials.  The  individual  who  would  attempt  lo 
deduce  a  single  principle  in  science  from  any  phenomenon 
described  in  the  Bible,  would  be  regurdetl  as  no  friend 
either  to  philosophy  or  religion.  But  when  the  principles 
of  phyaics  are  fairly  establisi»ed  on  their  own  bases,  it 
becomes  a  subject  of  interest,  tu  examine  how  far  certain 
natural  phenomena  related  by  the  inspired  historian^  are 
conformable  to  our  digest  of  the  laws  of  nature.  If  an 
acconlance  can  be  clearly  made  out  between  things  so  dis- 
tinct and  independent,  as  ancient  testimony,  and  the  results 
of  modern  researcli,  faith  and  reason  will  enjoy  a  joint 
triumph,  propitious  to  their  mutual  influence  on  mankind. 

This  procedure  is  just  the  inverse  of  "what  Bacon  re- 
probates. We  do  not  seek  the  living  among  the  deud ; 
we  do  not  determine  the  existing  or  actual  properties  of 
matter,  from  a  few  brief  notices  of  mighty  revolutions  which 
it  anciently  suffered.  But  like  Cuvier,  confronting  the 
bones  of  fossil  animals,  with  the  l>oncs  of  tlieir  living  types, 
we  compare  certain  phenomena  and  residts  of  early  occur- 
rence, on  our  globe,  with  the  sequence  of  phenomena  pass- 
ing before  our  eyas  drawing  from  the  records  of  faith,  onlv 
such  facts  as  belong  to  faith ;  viz.  such  as  can  be  learned 
from  inspiration  alone.  Surely  those  who  frame  a  system 
of  Cosmogony  which  removes  entirely  out  of  sight,  the 
Creator  an<l  Governor  of  the  world,  tend  as  powerfully  as 
ever  Deluc  and  Kirwan  did,  to  form  a  fantastical  philosophy 
and  a  heretical  religion. 

Theologians  are  much  more  open  to  Bacon's  censure, 
than  philosophers.  11  any  one  will  compare  the  diversities 
of  meaning  which  have  been  assigned  to  the  Hebrew  words 
contained  in  the  first  verses  of  Genesis,  by  such  of  our  com- 
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menUitors  on  the  Bible,  ashuve  theorised  on  the  pheiioinenii 
of  creation,  he  will  be  convinced  that  no  solid  foundation  for 
geological  science,  need  besought  for  in  the  field  of  Hebrew 
criticism.  Yet  on  this  basis,  alt  our  early,  and  many  of  our 
later  Bible  scholars,  have  created  schemes  of  accordance 
between  nature  and  revelation,  producintj  too  often  a 
wale-sana  admixtio  of  divine  and  human  things.  I  humbly 
conceive  that  the  only  concern  of  the  biblical  student  witli 
Cosmogony,  is  to  ascertain  that  the  results  of  pl»ysical 
research  in  the  earth  and  the  lieavens,  do  not  essentially 
impugn  the  Mosaic  text  in  its  plain  interpretation,  as 
addressed  to  plain  men  of  all  ages  and  nations.  They 
ought,  therefore,  to  inquire  first  of  ail,  by  the  rules  of  induc- 
tive logic,  what  are  the  scientific  results  most  unequivocally 
established,  and  next  to  examine,  whether  any  of  these  be 
irreconcilable  with  the  commonly  adopted  version  of 
Genesis.  In  following  this  course  with  discretion,  no  rule 
of  right  reasoning  need  be  violated,  if  we  be  duly  sensible 
of  the  difficulties  o^  the  subject,  the  imperfections  of  science, 
and  the  fallibility  of  human  judgment.  On  the  contrary^ 
I  hope  to  convince  tlie  candid  reader  of  the  following 
pages,  that  the  Divine  Spirit  in  furnishing  two  guides  to 
man,  revelation  and  reason,  has  benevolently  given  them 
so  many  points  of  affinity,  that  a  diligent  search  may  cause 
their  accordance  to  become  manifest  to  every  docile  mind, 
showing  them  to  be  really  close  and  powerful  allies,  instead 
of  lukewarm  frientls,  or  open  foes,  as  their  common  enemies 
would  allege. 

Such  is  tlie  perversity  of  human  judgment  on  subjects 
ihe  most  momentous,  that  one  hardly  knows  at  times  whe- 
ther to  r^^rd  it  more  in  ridicule  or  sorrow.  The  clas- 
sical scholar,  for  example,  will  pore  over  Herodotus  and 
Xenophon  with  a  sort  of  superstitious  reverence,  while  he 
is  loo  ready  to  ticw  Moses  with  indifference  or  even  con- 
tempt. Vet  for  sublimity  and  ilepth  of  thought,  set  forth 
with  simplicity  and  pathos  of  recital,  neidier  the  fniher  of 
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profane  history,  nor  its  roost  eloquent  son,  can  vie  with 
the  legislator  of  the  Jews.     In  the  authentic  stamp  of  con- 
sistency, the  prime  merit  of  historians,  the  civil  can  certainly 
bear  no  comparison  with  the  sacred,     Tlie  former  contra- 
dict each  otlier  broadly  on  the  greatest  characters  and  trans- 
actions, such  as  those  of  Cyrus,  though  at  no  gi*eat  distance 
from  their  own  times,  while  the  latter  is  always  in  perfect 
accordance  with  himself,  as  well  as  with  ancient  monuments 
and  traditions.     To  Moses  we  are  indebted,  moreover,  for 
the  only  rational  account  we  possess  of  the  origin  and  filia- 
tion of  the  different  tribes  of  men.     As  to   the  alleged 
absurdity  of  his  code  of  laws,  and  the  cruelly  of  his  injunc- 
tions for  exterminating  idolatry,  if  we  measure  lliem  on  tlie 
great  scale  of  Providence,  we  shall  admit,  that  the  establish- 
ment of  a  pure  and  perfect  Theism,  among  a  central  nation 
of  the  earth,  was  not  too  dearly  purchased  by  the  ritual 
observances  of  the  Jews,  or  any  punishments  inflicted  on 
the  cruel  and  licentious  Canuunites.     Let  us  hear  in  mind 
that  in  the  ordinary  course  of  nature,  30  millions  of  indivi- 
duals, annually  fall  victims,  over  the  face  of  the  globe,  to 
disease,  old  age,   famine,  the  sea,  or  the  sword,  and  that, 
therefore,   the  destruction  of  a  thousandth  or  even  a  hun- 
dredth part  of  tliat   number  for  a  great   moral   purpose, 
ufTords  no  peculiar  ground  for  impeaching  the  wisdom  of 
God,   or   the   veracity   of  his   interpreter.      The   results 
eliminated    from  the  physical   researches   of  the   present 
volume,  <lispluy  the  primary  developments  of  die  material 
system,  and  the  great  revolutions  of  the  earth   in   such 
surprising    harmony,    with    the    master    touches    of    the 
Hebrew  prophet,  as  to  constitute,  in  my  opinicm,  incon- 
testable evidence  of  his  being  endued  with  a    knowld^ge 
more  than  human  ;  for  he  has  indicated  a  style  and  sequence 
of  natural  phenomena,  gainsayed  or  disowned  by  all  human 
learning,  till  the  profound  and  novel  investigations  of  these 
latter  days,  have  unveiled  their  trutlu 

Holding  in  <lue  reverence,  therefore,  the  Mosaic  record. 
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and  ready  to  recognise  the  finger  of  Providence  direciing 
«very  event  of  the  miuerial  worlds  we  are  not  on  Uiat  account 
called  u|X5n  to  renounce  or  tetter  the  exercise  of  onr  intel- 
lectual powers,  on  any  subject,  competent  to  their  tribunal. 
The  rhapsodies  of  fanatici^^m,  and  the  bigoted  subju^tion 
of  science,  to  certain  figurative  expressions  in  scripture, 
arc  alike  to  be  shunned.  Revelation  was  certainly  not 
imparted  to  mankind,  for  the  purpose  of  instructing  them 
ia  any  principles  of  philosophy,  which  reason  can  explore. 
When  the  phenomena  of  nature  are  described,  it  is  olways 
in  popular  language,  corresponding  to  the  informations  of 
sense.  Thus  the  sacred  writers,  in  common  with  practical 
aslioaomers  of  every  age,  speak  of  the  sun  and  stars  as 
i>jrising,  setting,  and  moving,  in  the  firmament,  yet  neither 
our  astronomers,  nor  the  scriptures,  are  thereby  supposed 
to  pronounce  a  judgment  on  the  actual  motion  or  repose 
of  these  luminaries.  This  is  a  proposition  left  to  science 
U>  investigate.  The  heavenly  bodies  apparently  revolve 
in  determinate  orders  and  periods,  with  regularly  recurring 
phases.  These  have  been  laid  open  to  the  observation  of 
man  since  the  origin  of  his  race,  offering  him  every  requisite 
instruction  as  to  the  times,  distances,  and  paths  of  their 
revolutions,  as  well  as  to  the  magnitudes,  densities,  and 
figures  of  the  spheres.  Whatsoever  lessons  these  pheno- 
mena have  given  to  the  present  age,  were  held  forth  to 
the  past,  and  wUl  be  exlubited  to  the  future.  Astronomy 
never  reverts  to  a  state  bf  repose,  antecedent  to  their  actual 
condition.  It  contemplates  tlie  velocities  and  mutual 
^uilibrium  of  moving  bodies,  but  does  not  venture  to 
speculate  on  a  former  or  a  future  state,  an  origin  or  an  end 
of  the  actual  appejirances  of  the  heavens.  In  ibis  respect, 
astronomers  differ  widely  from  our  two  famous  geologists 
Werner  and  Hutton,  who  do  not  confine  tiieir  inquiries  to 
the  existing  cycle  of  plienomeno,  hut  boldly  remount  to  a 
livpothctical  order  very  different  from  the  preji^enl,  which 
no  human  eye  ever  witnessc<l.     They  do  not  scruple   to 
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describe  the  terrestrial  constitution,  wliich   preceded  and 
gave  birth  to  ihe  one,  which  they  see,  just  as  if  an  astro- 
nomer were  to  trace  out  tlie  nascent  forms  and  movements 
of  the  sun  and  planetary  orbs.     But  neither,  possesses  tlie 
data,  requisite  for  the  sohition  of  his  problem.     The  astro- 
nomer, well  aware  of  this  defect,  and  trained  in  the  severe 
discipline  of  geometry,  abstains  from  such  vain  speculations. 
But   the   geologists  of  the  above   schools,    disdaining   to 
acknowledge  incapacity,  and  restrained  by  no  rigid  calcu- 
lus, advance  fearlessly  into  their  pristine  chaos,  and  assum- 
ing tlie  creative  function,  construct  their  favourite  terres- 
trial scliemes  out  of  pre-existing  confusion.     They  find  no 
difficulty  in   bringing  ancient   chaos   to  its  end,  and   in 
originating  an  entirely  new  order  of  things.     To  produce 
an  effect  without  a  cause  never  disttirbs  their  philosophy. 
Their  chaos  of  eternal,  or   at    least,   indefinite  duration, 
changes  under  their  direction,  intt^  systematic  arrangement 
and  'succession.     Eleiuental  strife  is  speedily  converted  into 
the  mobt  friendly  affinities;  a  confused  mixture  and  turmoil, 
into  crystalline  forms,  and  parallel  strata. 

Now^  such  procedure  as  Uiis,  indicates  a  march  of 
presumption,  wholly  unlike  die  motlest  pace  o{  inductive 
science.  Nor  will  its  arrogance  appear  less  odious  when 
we  consider,  that  in  travelling  into  an  ideal  chaos  out  of 
the  actual  work!,  in  order  to  forge  a  series  of  transition 
links  between  them,  these  theorists  disdain  to  inquire 
whether  their  natural  darkness  might  have  had  the  benefit 
of  a  few  rays  of  supernatural  light;  whether  the  origin  of 
the  earth,  a  fact  beyond  the  cognizance  of  man,  and  yet  of 
great  moral  interest  to  him,  may  not  have  been  kindly 
communicated  to  his  race,  by  the  same  Being,  who  gives 
him  life,  and  breath,  and  all  things.  Such  deference  might 
have  been  expected,  at  least,  in  Werner  and  Playfair,  who 
acknowledged  the  divine  inspiration  of  the  Bible.  But  it 
does  not  appear  that  cither  of  these  ingenious  men, 
regarded  the  Mosaic  narrative  of  creation,  jjs  giving  any 
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physical  instruction  whatever  concerning  the  origin  oF  tlie 
earth.  We  shall  afterwards  find,  that  the  Mosaic  chron- 
ology throughout,  was  equally  disregarded  by  our  learned 
countryman.  It  would  have  been  well  for  his  mathematical 
reputation,  had  he,  in  this  instance,  bestowed  a  little  of  that 
faith  on  Moses,  which  he  unluckily  Invishedon  Bailiy. 

Amid  our  absolute  ignorance  concerning  the  origin  of 
our  terrestrial  system,  it  would  therefore  seem  not  uni'ea- 
sonable  to  consider  such  facts  as  the  Deity  has  thought  fit 
to  reveal  concerning  the  formation  and  garnishing  of  this 
globe  OS  an  abode  of  vegetable  and  animal  beings.  These 
facts  may  be  very  few,  no  more  tlmn  are  merely  sufficient 
to  teach  the  pious  mind  to  confide  in  the  GnEAT  First 
Cause,  instead  of  losing  itself  in  an  endless  labyrinth  of 
conjecture.  But  still  tliey  should  be  held  as  fixed  points, 
in  neglecting  which  we  shall  probably  deviate  into  error, 
it  must  l)e  remembered,  that  science  has  here  no  fulcrum 
to  rest  her  leverage  upon.  Vainly,  therefore,  would  she 
strive  to  move  the  earth  out  of  the  place  assigned  to  it  by 
the  inspired  historian.  *'  Who  is  thu;  that  darkeneth 
counsel  by  words  without  knowledge?  Where  wast  ihou 
when  I  laid  the  foundations  of  llie  earth  ?  Declare  if 
thou  hast  understanding  ?  Whereupon  are  the  founda- 
tions thereof  fastened?  Or  who  laid  the  corner-stone 
thereof?"  Job,  chap,  xxxviii.  These  questions  accurately 
circumscribe  the  boundaries  of  Cosmogony.  They  say  to 
it»  "  Hitherto  shnlt  thou  come  and  no  further;  and  liere 
shall  thy  proud  thoughts  be  staid." 

None  of  our  physical  records  are  iK'tter  fitted  to  incul- 
cate humility,  than  the  geological  systems  of  the  IHtli  cen- 
tury. They  exhibit  the  human  mind,  in  gesture  proudly 
eminent,  but  yet  the  perpetual  dupe  of  phantasms  as 
extravagant  and  unreal  as  the  prodigies  of  oriental  fiction. 
They  remind  one  of  the  reveries  which  were  ailoat  in  zoq- 
h)gy  nt  an  earlier  j)eriod.  That  animals  might  be  produced 
without  parents  or  m'a^  by  the  fortuiiou>  fermentation  of 
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stagnant  pools,  was  a  favourite  dogma  with  some  tlieorisls, 
under  llie  name  of  equivocal  generation.  Thus  they  con- 
cealed llieir  jguoruiice  by  giving  a  (echnical  term,  a  verbal 
quibble,  instead  uf  an  explanation  of  phenomeua ;  aud  thus 
also  they  set  entirely  aside  Divine  agency  in  the  creation 
and  conduct  of  the  worUl.  This  monstrous  dogma  neces- 
sarily disappeared,  when  natural  historj'  proved  that  every 
animal  has  a  parental  germ  of  life.  The  Pyrrhonists,  dis- 
possessed of  the  animal  kingdom,  have  latterly  seized  on 
the  mineral,  and  boldly  adventured  lo  account  for  Its  origin 
and  arrangement  by  their  old  scheme  of  equivocal  genera- 
tion. The  execution  of  this  scheme  has  not,  however,  been 
so  easy  as  its  abettors  had  fondly  hoped.  These  world- 
makers  split  into  several  sects,  whose  chief  delight  was  to 
demolish  the  work  of  their  rivals.  By  this  philosophic 
warfare,  the  older  and  more  ricketty  combatants  have  beeo 
driven  from  the  field,  leaving  it  in  possession  of  two  recklesB 
champions,  Werner  and  Hutton,  the  worshippers  of  Water 
and  Fire.  Both  agree  in  only  one  respect ;  the  original 
crudeness  and  imperfection  of  that  terra<]ueous  mass,  which 
they  have  undertaken  to  refine  and  complete.  Diverging 
from  this  point,  each  proceeds  to  show  how  the  present 
appearances  of  the  earth  have  been  proiluced  by  the  action 
of  the  ordinary  forces  of  nature.  By  successive  develop- 
ments and  catastrophes,  which  they  profess  to  detail,  the 
clumsy  offspring  of  Deity  or  Chance,  for  the  parentage  is 
not  well  defined  by  them,  becomes,  in  a  countless  lapse  of 
ages,  fitted  to  discharge  its  functions  in  the  material  system. 
Our  age  and  nation  never  cease  to  extol  Bacon's 
inductive  logic,  and  the  rigid  demonstrations  of  Newton. 
One  is  naturally  led  lo  suppose,  that  those  who  so  loudly 
profess  to  be  their  disciples,  should  imitate,  in  some  degree 
at  least,  the  methods  of  research  prescribed  and  practised 
by  diese  great  ma'iters  of  reason  and  science.  We  should 
expect  to  find  tlie  facts  subservient  to  any  doctrine,  collected 
with  labour  and  skill,  examined  with  scrupulous  caution. 
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and  lucidly  arranged  without  deceptive  art.  It  is  only 
facts,  dius  carefully  chosen  and  candidly  compared,  which 
can  be  generalized  inio  u  just  theory.  If  we  examine  the 
ablest  expositions  of  the  Wernerian  and  Huttonian  geologies 
by  that  phiIo!>ophic  standard,  we  shall  find  them  to  fall 
egregiously  short.  Phenomena  doubtful,  or  discordant, 
are  indiscriminately  pressed  into  the  service  of  these  hostile 
sects;  while  the  whole  stracture  of  their  arguments  is 
frequently  baseless,  resting  on  no  solid  facts,  nay,  hardly 
countenanced  by  n  plausible  analogy.  Yet  they  claim  for 
their  hypothetical  conclusions,  the  confidence  due  to  sober 
induction  alone. 

The  true  epoch  of  philosophical  geology  can  scarcely  be 
traced  farther  back  than  Mr.  Smith's  Mineralogical  Map 
of  England,  and  the  foundation  of  the  Geological  iSociety 
of  London.  Since  then,  the  Cosmological  scliools  have 
been  waning  fust  away.  But  as  the  above  rival  !»y«tems, 
engra&sed  so  very  lately  a  large  share  of  attention,  and  still 
have  many  purtiijans  in  the  world,  ihcy  merit  a  slight  review, 
merely  considered  as  sports  of  the  human  intellect. 

Tlic  theory  of  Hutton  was  passing  fast  into  oblivion, 
like  its  visionary  preilecessors,'  when  it  was  re-embodied 
for  a  season,  by  the  eloquence  of  Playfair.  Delighted  with 
the  imposing  boldness  of  the  Huttonian  creed,  the  Professor 
undertook  its  exposition  with  the  ardour  of  a  mineralogical 
neophyte.  Bringing  to  the  task,  the  joint  resources  of 
dialectics  and  geometry,  he  produced  those  lUughrationa  of 
the  Huttmiian  Theon/  which  have  been  so  highly  celebrated 
by  his  literary  friend-*,  lliough  they  will  probably  add 
nothing  to  his  fame  as  a  philosopher. 

Were  a  modern  naturalist  to  tench  that  the  various 
classes,  orders,  genera,  and  species  of  animals  and  vege- 
tables, were,  on  their  first  emergence,  crude  and  shapeless 
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ruonsCers ;  but  that  die  <>everal  parts  progressively  acquired 
their  just  size  and  form  in  the  course  of  successive  genern- 
tions^  by  the  contending  ocdons  of  the  vital  and  chemical 
forces,  mankind  would  not  hesitate  to  pronounce  the  author 
of  such  speculaUons  insane.  Does  the  terraqueous  globe, 
on  wliich  countless  orders  of  living  beings  i.le|jend  for 
accommodation  and  subsistence,  ^o  nicely  suited  to  their 
peculiar  organs  and  instuicts,  does  it  display  no  evidence 
of  pre-concerted  and  pre-:idapted  wisdom  in  its  structure  ? 
Originally  a  crude  and  rugged  mass,  did  it  gradually  ac- 
quire its  actual  form  and  con.stitution  from  the  antagonist 
powers  of  waste  and  reconsolidution  tending  towards  their 
present  equilibrium,  during  indefinite  ages  ?  This  question, 
which  professor  Playfair  answers  in  the  affirmative,  contains 
his  favourite  proposition,  whereby  he  pretends  to  give 
pbysico-mathematical  proof  to  his  adopted  theory. 

^'  Now,  it  is  not  at  ail  obvious  to  what  pikysical  cause 
this  phenomenon"  (the  spheroidal  figure  of  the  earth)  "is 
to  be  ascribed.  The  earth,  as  itexisuat  present,  has  none 
of  die  conditions  that  render  the  assumption  of  the  figure 
of  equihhrium  in  any  way  necessary  to  it.  Constituted  as 
it  is,  its  parts  cohere  with  forces  incomparably  too  great 
to  obey  the  laws  of  statical  pressure,  or  to  assume  any  one 
figure  rather  than  another,  on  account  of  the  centrifugal 
tendency,  which  results  from  its  revolution  on  its  axis. 
Though  the  fluidity  of  the  earth  will  account  for  the 
phenomenon  of  its  oblate  figure,  it  may  reasonably  be  ques- 
tioned, whether  this  fiuidity  can  be  admitted  in  consistency 
with  other  appearances.  According  to  what  was  established 
above,  none  of  the  appearances  in  the  mineral  kingdom 
indicale  more  than  a  partial  fluidity  in  any  former  condition 
of  the  earth.  The  present  strata,  made  up  as  tliey  are  of 
the  ruins  of  former  strata,  though  softened  by  heat,  have 
001  been  rendered  fiuid  by  it,  and  have  even  possessed 
their  softness  in  parts,  and  in  succession,  not  altogether  nor 
at  the  same  time Since  neither  the  hypothesis 
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of  the  Neptunists,  or  the  Vulcanists,*  affords  any  good 
explanutton  uf  the  figure  of  the  earth,  or  such  a  one  as  can 
connect  it  witli  llie  other  appearances  in  its  natural  history, 
it  remains  to  inquire,  whether  the  system  that  supposes  a 
partial  and  successive  fluidity,  like  Dr.  Huiion's,  has  any 
resource  for  explaining  this  great  plienomenon. 

^'  On  tins  subject  Dr.  Hutton  lias  not  treated  ;  and  when 
I  was  iirst  made  acquainted  with  his  system,  it  appeared  to 
me  a  very  serious  objection  to  it,  that  it  diti  not  profeu  to 
give  mi  crpbtnalion  ofsu  imjxirtaHt  ajlut^  tiji  thf  Matejttfurc 
(if  tfie  earth.  On  considering  the  matter  more  closely, 
liowever,  I  found  lliat  tliere  were  principles  contained  in  it, 
from  which  a  very  salisfaciory  solution  {arui  Itldnk  the  only 
satisfactory  solttHon)  of  tJiat  difficulty  might  be  deduced. 
Tliis  solution  I  slmll  endeavour  to  explain,  in  as  far,  at 
least,  OS  is  necessary  for  the  purpose  of  general  illustration. 

"  It  is  laid  down  in  Dr.  Hulton's  theory,  that  the  surface 
of  the  earth  is  perpetually  changed  by  the  detritus  of  the 
land  ;  and  from  the  materials  thusaflbrded,  new  Iiorizoutol 
strata  are  perpetually  lonned  ul  the  bottom  o(  the  sea.  If 
this  be  true,  and  if  the  alternations  of  decay  and  renovation 
have  been  often  repeated,  it  is  certain,  that  the  figure  of 
tiie  eardif  wliutever  it  may  have  originally  been,  must  be 
brought  at  length  to  coincide  with  the  spheroid  of  equili- 
brium. 

"Suppose  now,  a  body  like  the  earth,  but  with  iisttctual 
fiqnre  infimVdy  more  irrtyu/ort  having  a  sea  circumfused 
around  it.  ...  If  we  suppose  the  solid  parts  o(  this 
mass  subject  to  be  dissolved,  or  worn  away,  and  cairied 
down  to  the  ocean,  there  will  l>e  a  tendency  to  give  to  the 
whole  body  the  s^une  figure  that  it  would  have  assumed,  if  it 
had  been  entirely  fluid,  und  subject  to  tlie  laws  of  hydro- 
statics. .  ,  .  Also,  whatever  be  the  irregularity  of 
density,  the  tendency  to  a  change  of  figure  will  not  cease» 
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till  ihe  body  is  raoiililed  into  tliat  purticular  spheroid  which 
admits  of  being  covered  with  water,  every  where  to  the  same 
deplli.  Thus  it  appears,  that  a  solid  of  na  irregular  figure, 
and  of  irregular  density,  provided  it  be  in  part  covered  with 
water,  and  be  at  the  same  time  subject  to  waste,  above  die 
surface  of  the  sea,  and  rcconsolidation  under  it,  has  u  ten- 
dency to  acquire,  in  time,  the  same  figure  that  it  would 
liave  acquired,  had  it  been  entirely  fluid. 

"In  the  preceding  reasonings,  we  have  supposed  tlie 
process  of  decay,  and  subsequent  stratification,  to  be  carried 
on  without  inleiTupiion,  till  the  whole  of  the  land  is  covered 
by  the  sea.  This  supposition  is  useful  for  explaining  the 
nature  of  the  forces  which  have  determined  die  figure  of 
the  eartli;  but  there  is  no  reason  to  think  tliat  it  lias  ever 
been  realised  in  its  full  extent,  the  elevation  of  strata  from 
the  Ixtttom  of  the  sea,  interrupting  the  progress,  and  pro- 
ducing new  land  in  one  place,  as  the  old  decays  in  another. 
Tiie  very  same  land,  also,  which  is  wasted  at  its  surface, 
may  perhaps  be  lifted  up  by  the  forces  that  are  placed 
under  it,  or  it  may  be  let  down,  undergoing  alterations  of 
its  level,  from  causes  that  we  do  not  perceive,  but  of  which 
the  acUon  is  undoubted.  But  notwithstanding  these  inter- 
ruptions, the  general  tendency  to  produce  on  the  earth  a 
spheroidal  figure  may  remain,  and  more  may  be  done  by 
every  revolution,  to  bring  about  die  attainment  of  that 
figure,  than  to  cause  a  deviation  from  it  This  figure, 
therefore,  though  never  likely  to  be  perfectly  acquired,  will 
be  the  limking  or  asymptotic  figure,  if  it  may  be  so  called, 
to  which  the  earth  will  continually  approach.     ,     .     . 

"  Tiial  no  very  irregular  figure  is  found  among  the 
planetary  bodies,  may  therefore  l>e  considered  as  a  proof  of 
the  univci*sality  of  that  system  of  waste  and  rcconsolidation, 
tlmt  we  have  been  endeavouring  to  trace  in  the  natural 
history  of  tlie  eardi. 

"  Thus,  Dr.  Htition*s  theory  of  the  earth  comes  at  Inst 
to  connect  itself  wiili  the  researches  of  physical  astronomy. 
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The  conclusion  to  be  drawn  ij-oin  tlus  coincklcnce^  is  to  the 
credit  of  both  sciences.  When  two  travellers,  who  set  out 
from  points  so  distant  as  the  mineralogist  and  the  astro- 
nomer, and  who  follow  routes  so  diiferent,  meet  at  the  end 
of  their  journey,  and  agree  In  iheir  report  of  the  countries 
through  which  diey  tiave  passed;  it  ulfurds  iiu  slight  pre- 
sumption, that  thev  have  kept  the  right  way,  and  thut  they 
relate  wiiat  they  have  actually  seen. 

*'  It  must  be  allowed  to  the  Neptunist^  that  the  fluidity 
of  the  whole  earth  is  not  necessary  to  account  for  its  assum- 
ing the  spheroidal  figure.  It  is  sufficient,  if  the  whole  of 
tJiat  crust,  or  shell  of  matter,  was  fluid  whicJi  is  contained 
between  the  actual  surface  of  tlic  terrestrial  spheroid,  and 
the  surface  of  tlie  sphere  inscribed  witlun  it ;  that  is,  of  the 
sphere  which  has  for  its  diametei'  the  polar  axis  of  the 
earth."  This  amounts  to  about  ^^^  of  the  whole  bulk  of 
the  earth ;  mid  as  the  mineral  substance  of  die  crust  will 
take,  at  the  lowest  estimate,  600  times  its  volume  of  water 
to  dissolve  it,  no  less  than  four  times  the  bulk  of  the  whole 
earth  is  required  by  the  Wernerian  systematise  to  effect 
their  primordial  solution  of  the  superficial  rocky  crust. 
"  Such,  therefore,  at  the  very  least,  is  the  cjuantity  of  water 
which  Mr.  Kirwan  supposes,  after  it  ceased  to  act  in  its 
chemical  capacity,  to  have  retired  into  caverns  in  the  inte- 
rior of  the  earth.  Thus  the  Neptunists  in  their  account  of 
tlie  spheroidal  iigure  of  the  earth,  are  reduced  to  a  cruel 
dilemma,  and  are  forced  to  choose  between  a  physical  and 
a  mathematical  impossibility."* 

Had  the  Professor  regarded  the  hypothesis  of  his  friend. 
Dr.  Hutton,  wiili  equal  impartiality  as  that  of  Werner, 
he  would  not  have  expended  any  refine<l  analysis  in  its  sup- 
port. That  the  planets  had  at  one  lime  **  an  actual  figure 
injiniitfy  more  irregular"  ilian  iJie  present,  is  certainly 
a  very  strange  proposition  for  a  modern  philosopher   to 
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make,  one  equally  extravagant  with  any  Epicurean  ficrion  in 
Lucretius.  After  aii  indefinite  period,  it  appears  that  one  of 
them  at  least,  the  earth,  became  sufficiently  regular  for  an 
abode  of  living  beings.  Their  habitation  has,  however,  a 
precarious  existence.  Tlie  progress  of  waste  will  eventually 
crumble  down  its  mountains,  and  strew  their  dethUis  over 
the  bottom  of  the  sea,  converting  our  imperfect  spheroid 
into  the  perfect  form  of  equilibrium.  This  geometrical 
symmetry  which  conspiring  physical  forces  tend,  by  this 
creed,  to  produce,  should  some  day  cover  tlie  whole  land 
with  a  windingsheet  of  water,  universally  fatal  to  organic 
motion  and  life.  This  mortal  consummation,  however, 
tliey  propose  to  obstruct  from  lime  to  time,  by  fortuitous 
explosions  from  the  central  fires,  upheaving  mountains  and 
plains,  as  they  are  wanted,  to  rescue  the  world  from  a  watery 
grave.  Tlie  prnbabilit)'  of  such  a  mode  of  salvation  is 
rapidly  diminishing;  for  it  is  admitted  by  the  theoretic 
votaries,  both  of  Vulcan  and  Neptune,  that  these  igneous 
eruptions  are  becoming  vastly  feebler  and  less  frequent, 
than  they  were  in  ancient  times ;  that  volcanic  fires  are 
fast  expiring,  and  only  a  few  smoking  spiracles  remain  to 
attest  their  former  activity.  In  this  predicament,  the  Hut- 
toniajis  can  hold  forth  to  proselytes  but  slender  hopes  of 
tlie  duration  of  dieir  system.  The  casual  cfcnvulsion  of  a 
dying  power,  is  a  very  precarious  resource,  and  tun  be  little 
relied  on  for  resisting  die  steady  pace  of  destruction.  The 
earth  of  the  Huttonians  must  become  a  finished  spheroid, 
unfit  for  every  useful  purpose. 

Mr.  Playfair's  two  travellers,  the  celestial  and  terres- 
trial, would  have  found  a  better  coincidence,  and  one  more 
to  their  credit,  as  philosophers,  by  tracing  at  once  the  actual 
and  only  beneficial  form  of  the  earth,  and  its  fellow  planets, 
to  that  perfect  wisdom  which  created  all  things  in  confor- 
mity to  their  destined  ends,  and  which  provides  with  un- 
wearied beneficence,  for  the  wants  and  well-being  of  every 
organic  iribe. 
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I  have  no  desire  to  fatigue  my  readers  with  a  detailed 
examination  of  the  theory  propounded  by  Huiton,  and 
embellished  by  Playfair.  Its  defecLs  and  inconsisten- 
cies, and  indeed  lis  whole  hypotlictical  tenor  ure  now  so 
notorious,  that  no  practical  naturalist  of  eminence  will 
venture  to  adopt  its  conclusions.  My  sole  object,  here, 
was  to  unveil  its  vain  spirit  of  theoretic  cosmogony;  to 
exhibit  its  efforts  to  build  a  Babel-tower  that  should  make 
a  name,  and  enfranchise  it  from  the  control  of  a  creating 
and  directing  Providence.  The  world,  according  to  Hut- 
ton,  shows  no  trace  of  a  beginning,  or  of  an  end ;  but  has 
been  the  theatre  of  an  indefinite  series  of  transformations 
in  time  post,  and  will  continue  to  be  so  in  time  to  come, 
'Hie  mountains  of  a  former  earth  were  worn  down  and  dif- 
fused over  the  bottom  of  a  former  ocean.  There  they 
were  ex|X)sed  to  the  agglutitmling  |X)wer  of  subjacent 
inlernal  fires ;  and  after  due  induration,  were  heaved  up  by 
the  explosive  violence  of  the  same  force,  into  the  inclined 
or  nearly  vertical  positions,  in  which  the  great  mountain 
strata  now  stand. 

The  mountains  of  gneiss  and  mica  slate,  allowed  by 
every  practical  geologist  to  be  primitive,  are  barren  in 
animal  exuviip.  Now  these  most  distinctly  stratified  rocks, 
were  formed,*it  Ls  said,  at  the  bottom  of  the  Huttonian  scA, 
by  the  same  process  as  the  calcareous  and  other  secondary 
strata  that  are  replete  with  shells.  Whence  do  those  organic 
ruins  come,  and  why  are  they  absent  in  the  former  class  of 
rocks,  both  of  them  formed  in  the  same  sea,  and  under 
similar  circumstances  ?  Tliey  cannot  reply  that  the  epoch 
of  the  gneiss  and  mica-slate  formations  was  anterior  to 
the  existence  of  animals ;  for  their  tlieory  affirms,  that  the 
present  earth  sprung  up  out  of  a  preceding  one,  by  a  spon- 
taneous growth  or  transition,  without  the  intervention  of  a 
divine  creative  energy.  Tliey  tell  us,  that  in  an  indefinite 
series  of  ages,  the  mountain  masses  of  the  pre-cxisiing  globe 
became  submarine  concentric  lavcrs  of  rock,  which  were 
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thence  elevated  by  catastrophe  into  the  present  dry  lands. 
Their  marine  deposition  was  slow  and  tranquil,  disturbing 
the  general  economy  of  nature  no  more  than  at  present, 
and  consequently,  not  interfering  with  the  production  of 
marine  testaceous  anlcnaU,  nor  with  the  distribution  of 
their  shelly  exuvia:.  Hence,  sliould  these  beds  be  even- 
tually indurated  and  heaved  up  by  the  subjacent  tires  into 
the  nearly  vertical  mountain  schists  of  a  new  earth,  they 
must  contain  the  organic  witnesses  of  their  submarine  forma- 
tion. But  since  our  actual  mountains  of  gneiss  and  mica- 
slate  are  destitute  of  these  internal  witnesses,  as  also  pf  their 
basis,  carbonate  of  lime,  they  cannot  have  been  ormed 
at  the  bottom  of  an  ocean  teeming  with  animal  liFe.  De- 
void of  organic  remains,  they  indicate  a  sea  devoid  of  vital 
energy.  The  first  appearance  of  shelly  strata  is  coincident 
with  a  specific  exertion  of  creative  power. 

This  mortal  chasm,  in  the  succession  of  mineral  forma- 
tions, breaks  the  chain  of  the  Iluttonians.  It  Is  the  death 
blow  of  their  theory  ;  demonstrating  that  the  present  earth 
Iius  resulteil  from  definite  creative  Fiats  ;  and  not  from  the 
progressive  operations  of  any  merely  physical  forces  what- 
soever. It  is  therefore  to  be  regretted,  that  a  mind  so 
accomplished  as  that  of  Professor  riayfiiir,  slionkl  have 
devoted  so  many  studious  years  to  the  decoration  of  the 
phantom  described  by  him  in  the  following  paragraph. 

*•  How  often  these  vicissitudes  of  decay  and  renovation 
have  been  repeated,  is  not  for  us  to  determine;  they  con- 
stitute a  series,  of  which,  as  the  author  of  this  theory  has 
remarked,  we  neither  see  the  beginning  nor  the  end;  a 
circumstance  that  accords  well  with  what  is  known  con- 
cerning other  parts  of  the  economy  of  the  world.  In  the 
continuation  of  the  difterent  species  of  animals  and  vege- 
tables that  inhabit  the  earth,  we  discern  neither  a  beginning 
nor  an  euil;  and  in  the  planetary  motions,  where  geometry 
lias  carried  the  eye  so  fai'  both  into  the  future  and  the  past, 
we  discover  no  mark  either  of  the  commencement  or  oi  the 
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termination  of  the  present  order.  It  is  unreasonable  indeed, 
to  suppose,  that  such  marks  sliould  any  where  exist. 
The  Author  of  Nature  lias  not  given  laws  to  the  universe, 
which,  like  the  institutions  of  men,  carry  in  themselves  the 
elements  of  their  own  destruction.  He  has  not  permitted 
in  his  works  any  symptom  of  infancy  or  old  age,  or  any 
sign  by  which  we  may  estimate  either  their  future  or  past 
duration.  These  phenomena  then  arc  all  so  many  niarL» 
of  die  lapse  of  time,  among  which  the  principles  of  geology 
enable  us  to  distinguish  a  certain  ortler,  so  that  we  know 
some  of  them  to  be  more,  and  others  to  be  less  dbtant,  but 
without  being  able  to  ascertain  witli  any  exactness,  tlie  pro- 
portion of  the  immense  intervals  which  separate  them. 
These  intervals  admit  of  no  comparison  with  the  astrono- 
mical measures  of  time ;  they  cannot  be  expressed  by  the 
revolutions  of  the  sun  or  die  moon;  nor  is  there  ojiy  syn^ 
chrouhm  betiveeft  t/ie  most  recent  cpochas  of  the  mineral  khtg' 
datfi,  and  tlie  most  wicient  of  our  ordinartj  dirondogyJ** 

Our  ordinary  chronology  comprehends  the  deluge,  a 
great  epocha  of  the  mineral  kingdom,  the  truth  of  which  is 
obviously  discarded  by  Mr.  Playfair.  In  the  third  part  of 
the  present  work,  ample  evidence  will  be  adducetl  from 
Cuvier  and  other  practical  naturalists,  of  the  reality  of  that 
recent  cpocho,  and  of  \{a  synchronism  with  our  chronology. 
Moreover,  it  will  be  shown  in  our  second  part,  that  the 
mineral  strata  contain  formations  which  '*  discover  marks 
of  the  commencement"  of  die  diiFerent  species  of  vege- 
tables and  animals  that  peopled  the  earth.  The  Astrono- 
mical comparison  is  a  strange  solecism  for  so  acute  u  logician 
to  commit.  The  cases  are  quite  discrete,  and  destitute  of 
any  true  analogy.  The  laws  of  the  planetary  motions  are 
represented  in  a  system  of  mechanic^il  Uieorems,  which 
relate  solely  to  co^j:istmy  phenomena.  The  principles  of 
their  actual  ecpiUibrium  apply  equally  to  all  past  and  future 
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time.  The  appearances  reveal  notiiing  in  the  past,  or  the 
future,  different  from  the  present,  except  change  of  relative 
position  umon^  separate  masses.  The  physical  constitution 
of  tlic  planets,  which  could  alone  afford,  in  their  interior 
metamorphoses,  kindred  or  parallel  facts  for  geology,  aro 
beyond  our  cognisance.  In  the  mineral  structure  of  the 
eartii,  we  sliall  iitul  s^-mptoms  of  infancy,  as  well  as  on  its 
surface,  considered  as  the  dwelling  place  of  man. 

A  very  hrief  survey  of  ilie  principles  of  the  Neptu- 
nian theory  of  the  earth,  will  evince  it  also  to  be  an  idol 
set  up  by  a  vain  philosophy,  to  usurp  the  rank  and  functions 
of  «  creative  intelhgence. 

"  Anciently,"  savs  Werner,  "  a  vast  soludon  coveretl  all 
the  globe,  rising  above  the  highest  mouniains.  This  great 
chaotic  ocewti  very  different  from  our  existing  seas,  con- 
tained the  elements  of  the  primitive  lands.  The  moet 
ancient  of  its  products,  namely,  the  rocks  on  which  all  the 
others  repose,  are  also  those  which  constitute  the  most 
elevated  summits;  those  which  form  the  greater  part  of 
the  most  prominent  points  of  tlie  globe,  with  the  exception 
of  the  volcanic  mountains.  Over  and  around  their  tops, 
we  find  the  mineral  masses  which  were  deposited  imme- 
diately thereafter.  They  envelope  the  former  in  the  shape 
oi'  beils  of  great  extent,  and  they  are  enveloped  in  their  turn 
by  other  beds.  In  proportion  as  these  deposits  are  newer, 
llieir  extremity  or  upper  edge,  appears  at  a  lower  level. 

**  Thus,  above  a  certain  height,  we  iiud  nothing  but 
gfanites;  a  little  lower  we  have  gneiss;  lower  still,  we  see 
the  successive  appearance  of  mica-slate,  clay-slate,  and 
the  other  primitive  formations.  Those  of  posterior  for- 
mation proceed  with  a  continually  declining  level.  The 
most  ancient  of  these  still  stand  at  ooasiderable  heights ; 
bat  the  more  modern,  such  as  chalk,  and  die  later  forma- 
tions of  g)'psuni,  occupy  only  the  lower  districts  of  the 
terrestrial  surface.  Finally,  the  great  alluvial  territories 
exist  merely  in  die  low  phiias,  or  at  little  elevations  above 
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the  level  of  the  sea*  These  facts  lead  us  to  conclude  that 
the  solution,  in  whose  bosom  the  different  mineral  masses 
were  elaborated,  has  successively  lowered  its  level;  and 
that  from  an  elevation  above  our  highest  mountains,  a  gra- 
dual diminution  has  reduced  it  to  the  level  of  our  present 
seas."  In  the  later  geognostic  worlcs  published  in  Ger- 
many, on  the  principles  of  Werner,  llie  several  mineral 
formations  are  regarded  as  having  been  produced  by  four 
great  irruptions  and  subsidences  of  four  successive  seas. 

•*  The  above  solution  successively  changed  its  nature.  Its 
first  mineral  precipitates  were  very  dilFerent  from  the  fol- 
lowing ones;  and  these  also  differed  from  their  successors. 
At  the  beginning,  they  were  chiefly  granites  ;  in  the  middle 
period  of  the  mineral  formations,  schistose  or  slaty  strata 
abounded  ;  and  in  the  last  stage,  calcareous  rocks  began  to 
predominate.  The  change  in  the  nature  of  the  precipitate 
was  sometimes  abrupt,  but  more  commonly  it  look  place 
in  gradual  succession.  Thus,  among  the  first  mineral  for- 
mations, the  principles  of  felspar  were  most  abundant; 
these  diminished  by  degrees,  while  those  of  mica  increased  ; 
and  in  consequence  of  this  alteration,  gneiss,  mica-slate,  and 
clay-slate  appeared.  The  limestone,  which  was  rare  in  the 
early  stage,  occurred  subsequently  in  more  abundance, 
forming  the  principal  ingredient  of  the  later  deposits.  Mag- 
nesia became  remarkable,  chieffy  towards  tlie  middle  of  the 
first  period;  some  lime  after  iliat,  coal  began  to  show  itself, 
ami  progressively  increased  in  the  middle  era. 

"  While  the  solution  covered  and  enveloped  the  whole 
surface  of  the  globe,  it  formed  a  clear  and  tranquil  liquid 
of  great  depth.  At  this  time,  its  products  were  entirely 
crystalline.  Thus,  when  we  contemplate  a  piece  of  granite, 
and  examine  the  distinct  grains  or  small  crystab  of  quartz, 
felspar,  &c.  which  compose  it,  the  segregation  and  arrange- 
ment of  their  integrant  particles  denote  a  mineral  forma- 
tion made  with  leisure  and  tranquillity. 

*'  In  proportion  as  the  level  of  the  liquid  sank  down, 
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the  agitation  appears  to  have  augmented.  The  crysiallisatioa 
became  confused;  the  particles  bad  no  longer  an  oppor- 
tunity of  coming  forth  separately,  as  in  the  iirst  epocha, 
so  as  to  form  considerable  crystals.  Hence  arose  those  fine- 
grained granites  which  form  the  paste  of  porphyries  ;  those 
mica-slates  in  which  the  grains  of  quartz,  and  the  spangles 
of  mica  are  amorphous,  and  are  difficult  to  distinguish. 
Finally,  chemical  separation  ceased  to  take  place,  or  be 
practicable ;  the  crystalline  aspect  disappeared,  and  nothing 
but  homot^eneous  musses  were  produceil,  whose  texture 
became  more  and  more  loose  and  earthy,  till  their  translu- 
cency  vanished.  The  serpentines,  the  slates,  and  even  the 
limestones  furnish  examples  of  these  gradations.  At  last, 
the  turbidity  having  increased  to  a  still  greater  degree,  and 
the  precipitation  becoming  more  rapid,  the  mineral  deposits 
became  mere  earthy  masses,  feebly  indurated;  they  were 
now  simple  sediments. 

"  Werner  supposed  that  frequent  oscillations  had  mo- 
dified these  successive  formations.  Before  the  large  grained 
crystalline  granite  had  passed  into  schists  of  a  clayey  or 
sedimentary  quality,  nature  often  retraced  her  steps  for  a 
season.  After  making  mica-slates,  and  even  clay-slates, 
she  thought  fit  to  reproduce  some  granites;  and  it  was  not 
till  after  several  sucli  alienations,  that  she  advanced  in  a 
decided  manner,  tu  form  the  great  schistose  mountains.* 

I  believe  this  outline  of  Werner's  theoretic  notions  to 
be  genuine.  The  authority  is  apparently  most  legiti- 
mate, that  of  his  favourite  pupil,  M.  D'Aubuisson,  engineer 
in  chief  of  the  royal  corps  of  mines  in  France,  *'who  was 
honoured  during  fonrsucccssive  years  with  the  confidence  of 
his  master,  Werner,  and  favoured  with  a  disclosure  of  geolo- 
gical principles  which  he  himself  never  submitted  to  ihepress." 

II  would  be  superfluous,  indeed,  to  offer  an  elulxirale 
refutation  of  a  worid-building  hypothesis,  so  extravagant, 
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SO  visionary,  and  so  inconsistent  with  every  principle  of 
mechanical  and  chemicul  science.  Whence  arose  that 
immense  chaotic  ocean,  within  whose  bosom  the  summits 
of  the  Himinulaya  and  the  Andes  were  crystallized? 
Whither  did  it  retire  in  measnred  stages  of  descent,  to 
allow  the  primary  and  secondary  i*ock  formations,  to  lay 
their  successive  platforms,  in  the  ampliilheatre  of  the  glolw? 
The  atmosphere  lias  a  finite  extent^  not  expanding  into 
space  beyond  a  limited  distance  from  the  earth;  and  thus 
that  world  of  waters  could  not  escape  into  another  sphere,  in 
vaporous  exhalations.  The  quanUty  of  water  requisite  to 
i;ovcr  the  globe  to  the  height  of  the  lilmmaJaya,  or  27,000 
feet,  would  be  as  great  as  die  whole  mass  of  our  actual 
ocean.  Werner  was  too  little  of  a  philosoplier  to  calculate 
that  his  crystallization  plan  colled  on  him  to  provide  a 
receptacle  for  1000  millions  of  cubic  miles  of  water.  The 
great  den<ity  of  the  interior  body  of  the  eordi,  precludes 
the  {^>ossibility  of  tlmt  receptacle  being  subterranean.  Since 
DeiUier  celestial  nor  terrestrial  space  will  admit  his  retiring 
cbooCfc  ocean,  itself  must  hv  deemed  an  inadmissible  sup- 
pontion.  Even  grantin<j;  its  reality,  and  allowing  moreover 
that  this  water  was  adequate  to  dissolve  the  now  insoluble 
granitic  mountains,  so  as  to  form  a  clear  and  tranquil  Huid, 
we  may  ask,  why  the  solvent  that  dien  exercised  so  marvel- 
lous an  affinity  lor  tlie  siliceous  and  aluminous  cartlist, 
came  so  soon  to  discartl  tliem  altogether  from  its  bosom? 
The  attractive  force  that  made  tlie  solution,  should  have 
maintained  it.  To  imagine  nn  cfFeci  to  come  to  pass  with- 
out :i  cause,  is  sufficiently  ridiculous,  though  not  without  a 
parallel  in  modern  philosophy  ;  but  to  expect  a  solidifying 
action,  a  stony  deposit,  from  a  liquefying  agent,  unabated 
in  force  and  magnitude,  is  truly  absurd.  The  other  as- 
sumption of  the  clear  and  tranquil  sohilion  becoming  spon- 
taneously muddy  and  dLsturl>ed,  as  it  parted  with  its  solid 
contents,  is  repugnant  no  less  to  common  sense,  than  to 
chemical  experience.     A  still  liquid  containing  soluble  an<1 
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insoluble  matter,  usually  deposits  the  insoluble,  which  is 
mechanically  diffused,  before  the  cr}'stals  appear,  provided 
the  latter  be  regularly  aggregated,  as  occurs  in  granite. 
Wc  sliall  not  waste  more  wurds  on  tliis  analysis ;  but  con- 
clude with  expressing  astonishment  that  tlie  theoretic  dreams 
of  Werner  should  ever  have  been  regarded  as  realities,  in 
the  present  age.  The  old  Cosmogony  of  Leuclppus  is 
not  more  irrutionul  at  bottom,  and  would  appear  cf[ual]y 
plausible,  if  decked  out  in  fashionable  technology. 

Buftbn's  wild  fanc\*  of  the  planets  having  been  ori- 
ginally ignitetl  masses,  thrown  or  struck  off  in  fusion  from 
tiie  sun,  and  afterwards  left  revolving  round  him  at  dis- 
taoceSy  and  with  velocitie,s  proportional  tu  the  detaching 
forces,  seems  to  have  suggested  the  geological  hypothesis  of 
Cordier.  These  theorists  agree  in  supposing  that  an  inde- 
finite period  of  refrigeration  had  elapsed  before  the  crust 
had  become  cool  enough  to  suffer  the  vapours  to  condense 
into  water,  and  to  maintain  vegetable  and  animal  beings. 
Fourier  has  exercised  his  profound  mathematical  skill  in 
proving,  that  the  state  of  calorific  equilibrium  is  now  nearly 
attained,  or  that  the  waste  by  radiation  into  celestial  space 
is  nearly  compensated  by  the  expansion  of  heat  froni  the 
centra]  parts  of  the  earth,  and  the  absorption  of  heat  from 
the  sunbeams  at  its  surface.  1  Ids  proposition  is  possibly 
just,  though  it  will  require  a  century  at  least  of  exact  ther- 
mometric  observations,  to  place  it  among  the  inductive 
truths  of  science.  This  for  the  future;  but  for  the  past, 
we  have  not  the  slightest  evidence  that  our  terraqueous 
globe  first  existed  as  a  molten  mass  ejected  from  tliu  solar 
furnace.  Such  an  a'^sumption  is  undeserving  of  place  or 
respect  in  natural  philosophy. 

From  a  long  series  of  t>bservations,  made  willi  powerful 
telescopes,  Herschel  concluded  lluit  the  solar  light  and 
heat  do  not  emanate  from  the  btxly  or  nucleus  of  the  sun, 
but  from  certain  phosphoric  and  pyrophoric  clouds,  which 
are  produced  and  developed  in  its  atmosphere.    He  thought 
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tliat  this  immense  light-exciting  ocean  is  violently  agitated 
over  its  whole  surface,  causing  tliose  corrugations  of  its  disc 
which  he  has  so  well  described,  and  which  indeed  may  be 
observed  through  a  telescope  of  moderate  powers,  by  an 
e^'en  unpractised  eye.  When  tliis  superficial  stratum  is 
broken  through,  and  widely  separated,  we  may  discern 
either  the  black  veil  of  subjacent  solar  clouds,  or  even  the 
solid  dark  nucleus  of  tlie  sun  itself.  Hence  Herschel  ac- 
counts for  the  dark  spots  which  frequently  bestrew  tlie  sun's 
disc,  and  for  the  shelving  margins  wliicli  surround  them. 
Across  these  excavations  of  the  phosphoric  iilm,  bridges  of 
luminous  matter  are  seen  to  stretch,  which  extending  in 
breadth,  finally  cause  the  dark  chasm  to  disappear,  and 
restore  to  the  sun  alt  its  original  brightness,  'i'hc  area  of 
one  of  these  black  spots  is  often  much  greater  than  the 
w'hole  surface  of  the  terrestrial  globe.  When  the  eruptive 
storm  subsides  in  the  solar  atmosphere,  the  equilibrium  of 
its  parts  replaces  the  luciferous  layer.  Is  is  well  known 
that  these  spots,  first  obsen'ed  by  Galileo,  led  to  the  dis- 
covery of  the  sun's  motion  round  its  axis,  and  showed  that 
this  motion  is  accomplished  in  twenty- five  days  and  a  half. 
Had  Buffon  been  acquainted  with  these  great  excavations 
of  luminous  matter,  he  would  probably  Iiave  ascribed  them 
to  a  projection  of  the  solar  substance  giving  origui  to  some 
new  planet  or  comet,  and  causing  diminution  of  the  sun*:i 
hfat  proportional  to  the  darkened  portion  of  its  orb.  But 
Herschel  has  shown,  on  the  contrary,  that  the  seasons  in 
which  the  solar  spots  are  most  abundant,  are  characterised 
not  by  decreased  emanation  of  light  and  heat  to  the  earth, 
but  apparently  by  an  opposite  result.  We  hence  infer, 
that  these  spots  correspond,  and  arc  owing  to  an  increase<I 
activity  in  the  vibratory  motions,  by  which  tlie  sua  excites 
the  luminifcrous  ether,  diffused  through  space. 

The  new  improvements  in  optics  afford  a  very  unexpected 
means  of  determining  whctlicr  it  be  true,  as  Herschel  ima- 
gined, that  the  solar  light  docs  not  issue  from  an  incande- 
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scent  solid  or  fluid.  In  fact,  when  such  a  body  raised  to  a 
%-ery  liigh  temperature,  becomes  luminous,  the  rays  nliich 
fly  oiT  in  all  directions,  do  not  come  from  the  outer  surface 
only,  but  also  proceed,  as  the  rays  of  iieat  do,  from  a  mul- 
titude of  material  points  placed  beneath  or  within  the 
surface,  to  a  certain  depth,  extremely  small  indeed,  but 
actually  existing.  Now,  such  of  these  rays  as  traverse  the 
envelope  of  the  heated  mass  obliquely,  acquire  and  preserve 
a  peculiar  property,  which  can  be  remlcied  sensible  by  ex- 
periment; they  are  polarised.  But  if  die  same  mas% 
instead  of  being  renderetl  luminous  by  its  proper  temper- 
ature, be  only  covered  with  an  exterior  film  of  flame,  which 
is  the  source  of  its  light,  the  rays  do  not  then  possess  this 
property. 

Science  has  thus  been  enabled  to  submit  to  this  sinirular 
lest,  the  light  which  the  sun  sends  to  us.  M.  Arago,  the 
author  of  this  bt'iiutiful  experiment,  and  by  whose  labours 
physics  and  astronomy  have  been  often  enriched,  has  in 
fact  discovered,  that  tlie  rays  of  the  sun,  when  transmitted 
even  obliquely,  are  not  polarised.  It  is  therefore  obvious, 
that  in  regard  to  the  point  in  question,  the  opinion  pro- 
posed by  Herschel  is  immediately  deducihie  from  the  latest 
discovered  properties  of  sohir  Yu^hL 

These  results  are  faml  to  Hiillbn  and  tlie  various  Vulcan- 
ists  of  his  schuul.  Sudi  theorists  can  no  longer  have  re- 
course to  Uie  sun  as  a  furnace  out  of  which  to  scoop  ignited 
spheres;  for  the  nucleus  of  that  luminary  may  possibly 
enjoy  a  habitable  planetary  temperature. 

Two  motives  have  engaged  nie  to  undertake  the  pre- 
sent work.  First,  a  desire  to  lay  before  the  world  a  view 
of  certain  intrinsic  sources  of  change  in  the  constitution 
of  llie  earth,  which  seem  to  have  escaped  the  observation 
of  philosophers,  but  which  appeal-  to  me  deducible  from 
modem  physical  and  geological  discovery.  Second,  a  wish 
to  lead  popular  students  of  philosophy,  to  the  moral  and 
religious  uses  of  their  knowledge. 
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Science  hns  lately  gained  a  VRSt  accession  of  votaries. 
During  the  fii*st  twei*ty  years  of  this  century,  the  only  pub- 
lic endowment  in  Europe  for  teaching  the  scientific  prin- 
ciples of  the  Arts  to  Artisans,  by  regular  courses  of  lectures, 
was  that  founded  by  Professor  Anderson,  first  administered 
for  three  years  by  Dr.  Hirkbeck,  and  ever  since  by  myself* 
M.  Dupin's  favourable  report  of  the  beneficial  results  of 
my  tuition  among  the  Glasgow  Artisans,  published  in  his 
Tour  through  Great  Britain,  in  1817,  drew  general  atten- 
tion to  the  diffusion  of  science  among  the  people;  and 
within  a  few  years  of  diis  date»  the  Edinburgh  School  of 
Arts,  the  popular  lectures  in  the  Consen'atory  of  Arts  in 
Paris,  and  the  Mechanics'  Institutions  of  London  and  other 
cities  were  established.  Such  is  the  spirit  now  diffused 
among  the  multitude,  that  from  the  capital  to  the  hamlet, 
Newton  and  Laplace,  Lavoisier  and  Davy,  have  become 
household  words.  Tlie  plodding  mechanic  fancies  himself 
suddenly  grown  an  adept  in  Dynamics,  and  the  apprentice 
boy  a  master  of  Statical  problems.  We  are  not  to  wonder, 
that  when  {Physics  fintt  unfolds  its  Diorama  to  their  view, 
it  should  raise  their  minds  to  a  state  of  morbid  excitement, 
and  give  birth  to  strange  imaginations.  We  may  even 
expect  to  encounter  much  of  Uiat  dangerous  dogmatism, 
which  a  little  learning  is  apt  to  inspire.  But  these  transi- 
tion disturbances  will  subside,  as  sound  knowledge  is  gained. 

Were  nothing  but  substantial  inductive  science  pre^nied 
in  these  seminaries,  neither  the  mental  nor  moral  consti- 
tution of  Uie  multitude  would  be  exposed  to  any  hazard. 
During  the  first  17  years  of  my  popular  courses,  till  about 
the  year  1820,  most  of  the  Proprietors  of  our  great  Factories 
encouraged  the  attendance  of  their  Journeymen  and 
Apprentice-son  theLecnire.s,antl  frequently  tlistribuled  tick- 
ets of  admission  to  the  most  deser^*ing,  under  a  conviction 
that  botJi  their  dispositions  and  talents  were  thereby  im- 
proved. About  this  pcrioil,  a  general  schism  between  the 
Masters  and  Workmen  began  to  spread  through  the  mauu- 
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Aicturing  districts  of  the  kingdom.  At  tl^e  same  era,  it 
was,  that  the  schools  for  popuhxrising  science  began  to  be 
established.  This  coincidence  in  time,  has  aflbrded  un- 
luckily', a  colour  for  ascribing  to  philosophy  the  spirit  of 
misrule  and  irreligion,  which  then  took  pos&ession  of  many 
minds,  previously  docile  and  pious.  Nor  will  any  one  deny, 
that  if  under  the  pretence  of  expounding  to  students  thQ 
elements  of  mechanical  or  astronomical  science,  tije  teacher 
shall  insidiously  undermine  the  principles  of  natural  and 
revealed  religion,  and  promote  the  desire,  too  common, 
alas  !  of  emancipating  the  conscience  from  the  control  of 
an  Omniscient  Witness,  and  an  UnerrJiig  Judge ;  he  may 
render  the  school  of  philosophy  apesthouse  of  morals.  Even 
those  pseudo-philanthropists,  who,  reviling  xhe  doctrines 
faith,  and  renouncing  the  po\vei-s  of  a  world  to  come, 
itend,  by  human  sanctions  and  expedients,  to  erect  a  king- 
dom of  virtue  and  happiness  in  this  world,  should  beware 
of  placing  such  scorncrs  in  the  cliair  of  plnlosophy,  lesl 
loosening  the  frame  work  of  society,  they  bring  down  a 
nd  fearfid  crash  of  atheism  and  crime : — 


"  Grave  ne  rediret  setulura  Pyrrhic 
Kara  monatra  questtua.'*— Hob. 

But  certainly,  the  science  of  the  Newtonian  school,  taught 
in  the  spirit  of  its  illustrious  author,  is  propitious  to  man 
in  e\'ery  rank  of  life,  promoting  his  piety  as  a  Christian, 
his  kindness  as  a  master,  and  his  fidelity  as  a  servant. 

That  all  knowledge  is  in  every  case  and  in  every 
degree  a  good,  and  ignorance  the  parent  of  every  evil,  are 
popular  maxims  of  the  day;  and  seem,  at  iirst  sight,  to  be 
e«pially  sound  in  theory-,  and  safe  in  practice.  But  ihey 
cannot  be  received  without  much  modification.  With 
knowledge,  responsibility  increases,  and  failing  fuUilment, 
guilt;  "  For  by  the  law  is  the  knowledge  of  sin.  Nay," 
says  a  great  master  of  morals,  *'  I  had  not  known  sin  but 
by  liie  law/'    Knowledge  is  therefore  an  essential  element  of 
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criminal  purpose  and  criminal  action.  It  may  communi- 
cate power  indeed ;  but  if  power  be  so  imparted  to  u 
malignant  being,  that  knowledge  will  become  the  parent  of 
evlL  Tills  consequence  has  been  enforced  with  great  feli- 
city of  illustration  in  the  story  of  Caliph  Vathek,  a  phi- 
losophical romance,  which  clearly  shows  how  increase  of 
knowledge  in  a  wicked  mind,  may  merely  aggravate  misery 
and  vice.  TIjIs  is  also  the  great  moral  of  Ga'the's  Faust, 
and  the  Manfred  of  Uyron  ;  two  of  the  most  powerful  per- 
sonifications of  llie  workings  of  unhallowed  knowledge, 
ever  imbodied  by  genius. 


"  They  who  Icnow  the  most, 
Must  mourn  the  deepest  o*cr  the  futai  truth, 
Tlic  tree  of  knowledge  is  not  thnt  of  life." — Byrox. 

Even  in  our  daily  experience,  we  leani  to  our  cost,  that 
the  most  knowing  of  our  acquaintances,  arc  not  always 
either  the  safest  or  the  best. 

Knowledge,  in  its  ordinary  acceptation,  is  power;  and 
it  is  nothing  more.  It  is  a  weapon  which  may  effect  good 
or  evil,  according  to  the  intention  with  which  it  is  wielded. 
It  gives  force  and  permanence  to  despotism,  whether  of 
tlie  nianv,  or  the  few.  Tliere  is  no  doubt  another  and  a 
better  sense  in  which  knowledge  may  be  taken,  but  one 
looscldom  implied  in  philosophicaldis<juisition, — the  know- 
ledge of  the  Being  and  Will  of  God,  as  conveyed  in  the 
Scriptures.  Tliis  knowledge  likewise  confers  power,  but 
not  the  power  of  doing  evil.  The  consciousness  of  a  su- 
perintending Omnipotence  must  restrain  criminal  desire, 
and  promote  virtuous  principle. 

It  is  therefore  devoully  to  be  wished,  that  the  strenuous, 
and  in  general  laudable  efforts,  now  making  to  diffuse 
knowledge  and  its  concomitant  power  among  the  |>copIet 
should  be  made  conducive  to  the  welfare  uf  mankind  at 
large.  When  the  streams  formerly  pent  up  in  narrow 
channels  on  elevated  l.nnd^  and  there  accessible  to  onlv  a  ft^w 
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vigorous  niincU,  are  drawn  off  in  numerous  rills  to  irrigate 
the  lower  levels  of  society ;  the  prudent  Philanthropist,  in 
spreading  the  refreshing  waters  over  the  thirsty  soil,  will 
be  careful  in  its  distribution.  He  ^ill  not  inundate  his 
fields  at  random,  lest  he  sap  the  vigorous  roots,  and  loosen 
the  tender  ones  altogether.  The  system  may,  in  fact,  be 
judged  by  its  fruits;  for  if  its  leading  partisiuis  be  men  of 
turbulent  or  dissolute  lives,  it  may  be  deemed  pernicious. 

The  objects,  order  and  changes  of  the  material  sys- 
tem may  be  contemplated  through  the  medium  of  either 
an  insane*  or  a  sound  philosophy,  according  as  they  arc 
considered  to  be  the  offspring  merely  of  certain  deve- 
loping forces  miscalled  Nature,  or  as  the  creation  and  ordi- 
nances of  the  one  living  and  true  God.  The  first  plan  of 
study  sedulously  conceals  or  even  seeks  to  efface  the  many 
featiu*es  of  wistlom  and  goodness  impressed  on  his  works  ; 
the  second  diligently  deciphers  them  as  the  best  and  highest 
leMons  of  philosophy.  Thus  the  SysUmt  du  Mond^  of 
Laplace,  leaves  the  mind  afloat  in  a  dark  and  viewless  void; 
while  NewtorCs  Frincipia  lead  our  thoughts  up  to  the  Father 
of  Light  and  Life. 

"  The  greatutt  IttnejU  which  the  sublime  science  of  astro- 
nomy can  confer^  is,  to  dissipate  the  fears  occasioned  by 
extraordinary  celestial  plienomena,  and  to  destroy  the  errors 
resulting  from  ignorance  of  our  true  relations  with  nature, 
errors  the  more  deplorable,  as  social  order  must  repose 
solely  on  these  relations.  Truth  and  Justice  are  its  im- 
mutable laws."  Such  is  the  grand  peroration  of  Laplace's 
masterly  exposition  of  the  system  of  the  world,  presentetl 
to  his  countr}*mcn  in  the  fourth  year  of  the  Kepublic. 
What  a  very  different  work  would  his  eloquence  have  pen- 
ned, if  unchilled  by  the  scepticism  of  that  period,  his  bosom 
had  been  kindled  by  a  spark  of  the  diviner  fire  which  sane- 

*  **  Insanientis  dum  SApientise^ 

CoDflultus  erro." — Horat.  Conn.  L  31. 
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tified  tlie  sonl  of  Newton  !  Let  us  now  hear  his  conclusion 
of  the  whole  mutter-  Ekgantissima  hisrcr.  sidi%  pianrifirntn, 
et  cmtielanwij  compaf/eg,  Jion  nisi  cvnsUio  et  duminio  ends  iTtiei- 
iigcntis  ct  pofattijt  oriripotuiL    Hie  ortmia  regity  non  ut  aniina 

mundiy  scd  lU  universorum  fiominus El  furc  cfe  Deo^ 

dr.  quo  titique  tx  phenomenis  disscrcrc,  ail  pkilosophiam  natti* 
Tolnn  pcrtinet.  "  This  most  elei^niit  system  of  sun,  planets, 
ami  cometj,  could  not  have  existed  but  by  tlie  will  and  com- 
mand of  an  intelligent  and  powerful  Being.  He  regulates 
all  things,  not  as  the  soul  of  tlie  worlds  but  as  the  Lord  of  the 
universe.  Him  we  see,  only  in  his  powers  and  attributes ; 
him,  we  admire,  in  Ids  most  wise  and  excellent  structure 
of  things,  in  his  final  causes,  and  perfections  ;  him  we  vene- 
rate and  adore,  in  his  government  Wc  worship  him  as 
servants;  for  a  God  without  dominion,  providence,  and 
final  causes,  is  nothing  else  tlian  fate  and  nature.  From  a 
blind  metaphysical  necessity,  always  and  every  where  the 
same,  no  variation  of  things  could  proceed.  Tlie  whole 
diversity  of  the  Universe,  in  its  several  places  and  times, 
could  only  have  arisen  from  the  ideits  and  will  of  a  self- 
existing  Being.  And  these  are  the  conclusions  concerning 
God,  which  flow  from  the  phenomena  of  Nature,  by  ihe 
principles  of  Natural  Philosophy." 

"  The  first  end  to  which  all  wisdom  or  knowledge  ought 
to  be  employed,  is  to  illustrate  the  wisdom  or  goodness  of 
die  Father  of  Nature.  Every  science  that  is  cultivated  by 
men,  leads  naturally  to  religious  diought,  from  the  study 
of  tlie  plant  Uiat  grows  beneath  our  feet,  to  that  of  the 
host  of  heaven  above  us,  who  perfonn  their  stated  revolu- 
tions in  majestic  silence  amid  the  expanse  of  infinity. 
With  reverential  awe,  every  great  or  elevated  mind  will 
approach  to  the  study  of  Nature,  and  with  feelings  of  ador- 
ation and  gratitude,  he  will  receive  the  illumination  that 
g-rodually  opens  upon  his  soul.  It  is  not  die  lifeless  mass 
of  matter,  he  will  then  feel,  that  he  is  examining; — it  is 
the  mightv  machine  of  Eternal   Wisdom :  the  workman- 


MURAL  AND   RELIUJOUS  USES  OF  KNOWLEDGE.        xllll 


ship  of  Ilim,  *  in  whom  every  thing  lives,  and  moves,  and 
has  its  being.*  Under  an  aspect  of  this  kind,  it  is  impos- 
sible to  pursue  knowledge  without  mingling  with  it  the  most 
elevated  sentiments  of  devotion  ; — it  is  impossible  to  per- 
ceive the  laws  of  nature,  without  perceiving  at  the  same 
lime,  tlie  Presence  and  the  Providence  of  the  Lawgiver, — 
and  thus  it  is,  tliai  in  ever}'  age,  the  evidences  of  reh'gion 
have  advanced  with  the  progress  of  true  philosophy;  and 
that  science,  in  erecting  a  monument  to  herself,  has,  at  the 
same  lime,  erected  an  altar  to  the  Deity." — AHscn, 

Negligent  of  these  trutlis,  it  has  become  the  fashion  with  seve- 
ral systcmatists  to  obliterate  from  their  transcript  of  Nature, 
those  traces  of  creative  design  which  have  been  inscribed 
on  every  page  of  the  original,  for  the  delight  and  elevation 
of  tbestudcat*s  mind.  Tliis  is  a  deed  of  singular  demerit, 
derogatory  at  once  from  the  well-being  of  man,  and  the 
glory  of  God.  Should  the  harmonious  co-operation  of  the 
elemental  powers,  light,  heat,  and  electricity,  towards  their 
manifoldsubjects,  solid,  liquid,  and  aeriform,  be  contemplated 
as  the  preconcerted  wisdom  of  Heaven,  this  ideaisscoutedas 
(imatical.  Are  Final  causes,  or  ihe  purposes  of  individual 
!)eing,  nolonger  lobe  sought  after  soberly  in  physics,  because, 
forsooth,  in  the  infancy  of  science,  phantasms  were  taken 
for  realities  iu  this  delicate  research  ?  The  same  rule  should 
make  us  renounce  every  scientific  inference;  because,  in 
one  shape  or  another,  it  may  have  been  absurdly  drawn 
before.  Final  causes,  the  conditions  of  existence,  or  the 
correlation  of  parts  and  functions,  constitute  the  unceasing 
study  of  die  genuine  Naturalist,  who  investigates  tlie  prin- 
ciples of  organic  life.  Dccause  Galen,  in  his  treatise  de 
Utu  Partiutn^  has  given  unfounded  fancies  for  final  causes, 
Is  Cuvier  to  be  denounced  for  inferring  the  shape  and  size 
of  an  unknown  animal,  its  tribe,  genus,  and  species,  whe- 
ther living  or  extinct,  from  a  single  fossil  bone  ?  In  fact, 
final  causes,  or  the  mutual  uses  and  subserviency  of  parts 
are  his  sole  guides  in  tins  intricate  labyrinth. 
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WcTeadily  admit  that  the  lime  has  not  arrived,  and  may 
perhaps  be  still  far  distant,  when  the  experimental  philo- 
sopher may  safely  employ  final  causes  as  the  Ictulituf  clue  in 
his  inquiries.  In  the  histor}'  of  ancient,  and  the  early 
periods  of  moilern  physics,  final  causes  were  often  assij^ned, 
before  tlic  proximate  or  operative  causes  had  been  explained, 
or  perhaps  examined.  This  inversion  of  inductive  logic, 
need  hardly  be  apprehended  from  any  experimental isl  of 
reputation  tn  tlie  present  day.  In  such  circumstances  there- 
fore, the  temperate  use  of  final  causes  may  be  encouraged, 
first  as  serving  to  arrange  several  inductions  under  a  gene- 
ral head,  but  especially  as  displaying  the  concerted  har- 
monies of  Providence,  'Hie  outcry  against  them  is  one  of 
the  countersigns  of  the  sceptical  school. 

Physical  lessons  for  youth  and  tlie  people  should  be 
selected  with  care.  That  the  system  of  nature  \\m  been, 
and  may  be  exhibited,  in  so  distorted  a  form,  as  to  impress 
improper  images  on  the  common  mind,  will  hardly  be  denied 
by  llie  most  zealous  partisan  of  the  knowing  Jacuhuft.  On 
Uns  delicate  topic,  I  gladly  avail  myself  t)f  the  following 
acute  remarks  from  a  work,  disiiDguished  for  the  liberality 
of  its  views. 

"  In  sober  truth,  doubts  are  excited  in  minds,  iliat  had 
never  heard  of  doubts,  or  suspected  their  existence.  Tre- 
maine  givc5  ihe  means  of  doubting,  but  he  does  not  give 
the  antidote.  His  counter  arguments  will  not  confer  ihc 
power  of  reasoning,  the  feelings  side  invariably  witli  liic 
devil,  and  the  reiult  is  consequently  obvious.  It  is  not  by 
the  dry  statement  of  opposing  arguments,  thai  the  dia- 
logist  can  carry  the  victory  which  he  feels  he  possesses  in 
himself;  the  affections  or  tlie  prejudices,  human  depravity 
or  human  pride,  lakes  a  part;  the  bios  is  on  the  wron^ 
side,  and  he  who  docs  not  like  to  be  convinced,  naturally 
sides  with  the  antagonist."* 


•  WcsUuiiutcr  Kcriew,  Vol.  IV,  p.  JOI. 
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Thi^  is  a  sulficiently  humiliating  account  of  ihe  natural 
propensities  of  the  human  heart.  Discretion  sliould  there- 
fore be  exercised  in  preparing  mental  food  for  the  people* 
Only  sound  articles  should  be  served  up,  and  such  equivocal 
speculations  be  witheid,  n«  may  readily  ferment  into  moral 
poison.  In  the  course  of  my  own  public  experience  during 
a  quarter  of  a  century,  I  have  often  observed  the  avidity 
with  which  every  phenomenon  apparently  adverse  to  natural 
or  revealed  religion  is  seized,  and  the  rehictnnce  with 
which  it  is  renounced  l^'  the  will,  long  after  the  fallacy  has 
been  made  manifest  to  llie  understanding. 

Thus,  for  example,  I  have  met  with  individuals  of  con- 
siderable pretensions  to  candour  and  sogncity,  who  having 
devoured  with  greedy  eyes,  the  story  told  by  Brydone,  in 
his  Sicilian  Tour,  about  the  Canon  Ricupero,  conceive  that 
it  justifies  tliem  in  reviling  the  chronology  and  character  of 
Moses.  The  Canon,  though  a  weak  enough  theorist,  was 
a  man  of  undoubted  piety,  and  had  certainly  no  desire 
to  call  any  Bible  truth  in  question.  Doloniieu,  who  knew 
him,  censures  severely  the  Scottish  traveller  for  his  ungene- 
rous return  to  the  Canon's  hospitality,  in  unhandsomely 
exposing  him  to  ridicule,  and  but  for  his  excellent  private 
cliaracter,  to  the  castigation  of  the  church.  Uicupero  is 
said  to  have  fancied  that  a  bed  of  lava  required  2000  years 
to  gain  a  coating  of  soil,  by  the  decomposition  of  its  sur- 
&ce.  Having  observed  in  a  pit  in  the  neighlxjurhood  of 
A^tna,  7  lava  beds  lying  over  one  another,  wiih  a  stratum 
of  rich  earth  between  each,  he  was  said  to  infer  that  the 
mountain  was  14,000  years  old.  His  bishop  is  also 
reported  to  have  counselled  him  not  to  make  his  mountain 
older  than  Moses  had  made  the  earth  ;  a  most  philosophical 
advice,  as  we  shall  presently  see. 

The  facts  exhibited  by  ^tna  are  so  directly  hostile  to  any 
such  conclusions,  that  we  can  hardly  suppose  the  Canon  ever 
to  have  formed  them  ;  and  are  led  to  suppose  the  story  a 
mere  jest,  got  up  in  contempt  of  the  Canon's  feelings,  to 
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please  the  dissolute  society,  in  which  Brydone  Is  known  to 
have  lived  Ibr  some  time.  Let  us  see  what  a  geologist 
says,  iji  treating  of  ^^tno,  who  probably  never  heard  of  the 
Scotchman  or  his  travels. 

"The  lava  of  1157  Is  covered  wiih  12  inches  of  vege- 
table tartli  proceeding  from  its  own  decomposition ;  that 
of  1329  is  covered  with  8  inches.  On  the  other  hand, 
several  of  the  lavas  of  Auvcrgnc  have  mahitaincd  an  entire 
surface,  all  over  blistered,  and  brislhng  with  asperities, 
whose  edges  and  angles  are  still  sharp  and  well  preserved* 
We  might  even  imagine  these  lava  streams  to  have  just 
flowed  from  the  bowels  of  the  earth,  and  that  they  had 
liardly  had  time  to  cool.  It  is,  however,  probable  that  dicse 
lavas  have  lain  on  the  soil  of  Auvergne  for  3000  years, 
exposed  to  the  action  of  the  elements.  Two  thousand 
years  have  elapsed  since  Caesar  encamped  upon  them  ;  and 
even  in  his  day  tradition  could  tell  him  nothing  about 
their  origin.  The  fertility  of  tlie  lands  on  /Etna,  however, 
is  a  subject  of  admiration  to  all  wlio  visit  the  mountain."* 

Here  we  see,  in  the  first  place,  that  no  inference  what- 
ever can  be  made  as  to  the  age  of  a  lava,  from  the  stale 
of  its  surface.  Tiie  tendency  to  decompose  differs  in  every 
specimen.  We  see,  in  the  second  place,  that  in  500  years 
agood  vegetable  mould  may  be  formed,  wbtcli  multiplied  by 
7,  carries  us  back  to  a  period  only  600  years  after  the  deluge. 
Prior  to  the  npjjearance  of  Brydonc's  book,  Sir  WFIliam 
Hamilton  had.  shown  that  over  ITcrculancum  in  less  tliaii 
1700  years,  "the  matter  of  6  eruptions  has  taken  its  course 
over  that  which  lies  immediately  above  tJie  town,  nud  was 
the  cause  of  lis  destruction.  These  strata  ore  cither  of 
lava  or  burnt  matter  with  veinji  of  tjoorl  soil  Iniwiil  thtm.f 
Here  243  ycnrs  arc  enough  for  dccoiupo&ilion,  instead  of 
Brydonc's  2000. 


I 


■  D*Aubuiuun  Uoognosic,  Tom.  It.  pji.  AfMF,  483. 

f  Pfillow>j>Juf»|  TnujBuctionft,  Vol.  l.XI.  p.  7. 
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But  the  most  singular  evidence  renuiins,  about  thi^ 
e  of  scepticism.  In  Dr.  Daubeny's  interesting  sketch 
of  tlie  geology  of  Sicily,  drawn  up  after  an  extensive  tour 
lately  made  in  tiie  island,  we  have  the  following  description 
of  the  beds  of  lava  in  the  famous  pit,  at  Aci  Ueale,  on 
which  Ricupero  was  made  to  speculate. 

"  At  all  events  Brydone  has  been  grossly  deceived  in 
imagining,  that  tlie  seven  beils  of  lava  seen  lying,  one 
above  another,  near  tlie  spot,  liavc  been  sufficiently  decom- 
posed into  vegetable  mould ;  the  substance  which  really 
intervenes  between  the  beds  being  nothing  more  than  a 
sort  of  ferruginous  tu(f,  just  similar  to  what  would  be  pvo- 
duced  by  a  shower  of  volcanic  ashes,  such  as  usually  pre- 
cedes or  follows  an  eruption  of  lava,  mixed  up  with  mud 
or  consohdated  by  rain.  Of  course,  his  inference  with 
ct  to  l]je  antiquity  of  the  globe,  falls  to  the  ground, 

being  founded  on  the  fact  of  the  decomposition  of  so 
many  beds  of  lava,  which  turns  out  to  be  altogether  a 
mistake."* 

Geologists  have  begun,  of  late  years,  to  survey  the  struc- 
ture of  the  earth  in  more  miiuue  and  patient  detail,  than 
their  dashing  predecessors;  to  compare,  by  map  and  sec- 
tion, its  most  interesting  provinces;  to  contemplate indi\'i- 
dual  facts  directly,  and  not  through  the  dark  and  distort- 
ing incdium  of  a  master's  cosmogony;  and  to  examine, 
with  zoolofTical  skill,  the  organic  inscriptions  of  its  difl'erent 
strata.  In  thus  studying  to  decipher  the  volume  of  its 
shelly  records,  they  have  explored  many  mysteries,  inscru- 
table by  Werner,  Hutton,  and  the  early  i'anatics  of  their 
schools,  to  whom  the  very  alphabet  of  the  language  was 
unknown.  In  tins  new  field  o(  knowledge,  the  Enghsh 
nation  stands  pre-eminent ;  against  no  mean  rivalr}',  how- 
ever, of  the  naturalists  of  France.  Emulation  has  here 
pro<luced  the  happiest  eflects  ;  for  while  the  mineral  super- 

♦  Edioburgh  Philosophical  Journal,  \'ol.  XIII.  p.  266. 
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portions  of  England  bave  received  admirable  illustration, 
from  the  sagacity  of  Smitb,  Greenougb,  Macctillocli, 
Conybeare,  Phillips,  Buckland,  De  la  Heche,  Webster, 
Winch,  and  several  other  members  of  the  London  Society, 
Brogniart  and  Von  Biich  have  revealed  many  wonders  in 
French,  Swiss,  and  Italian  geology,  and  the  two  Cnviers, 
Blainvilie,  Lamarcke,  and  Defrance,  have  thrown  surpris- 
ing light  on  the  zoology  of  fossils.  By  directing  his  pro- 
found knowledge  of  comparative  anatomy,  lo  antediluvian 
osteology.  Sir  Everard  Home  has  gathered  fresh  laurels ; 
nor  liave  the  German  and  Italian  mineralogists  been  for- 
getful of  their  fame  in  this  difficult  career.  Tlie  join! 
labours  of  all  these  philosophers,  have  been  embodied  by  a 
master*s  hand,  along  with  his  own  unrivalled  studies  In  tlie 
Ossanens  Fo»siks  of  Baron  Cuvier;  a  magnificent  pro- 
duction of  which,  it  is  difficult  to  say,  whether  the  science, 
eloquence,  or  candour,  be  most  worthy  of  admiration. 

By  such  conspiring  researches,  an  interesting  gradation 
has  been  traced  in  the  species  of  organic  exiivia;  distri- 
buted throughout  the  secondary  strata,  in  their  order  of 
supei'poMtion.  Each  successive  muieral  bed  is  Uie  sepulchre 
of  a  peadiar  coiony  of  shelljish.  These  relics  of  life  have 
thus  acquired  singuJar  importance.  Tliey  furnish  stereo- 
type pages,  so  to  speak,  by  which  the  corresponding  or 
equivalent  geological  formations  may  be  read  and  recog*- 
nised  in  every  terrestrial  zone,  however  interrupted  the 
mineral  planes  may  be,  by  ravines,  mountains,  or  seas. 

Shell-limestone  constitutes  the  main  body  of  secondary 
formations;  which  indeed  may  be  regarded  all  together  as 
only  one  enormous  calcareous  stratum,  forming,  \\\\h  a  few 
interruptions,  the  external  envelope  of  the  solid  moss  of 
the  globe,  and  alternating  occa.sionally  with  ranges  of 
gypsum,  murl,  sandstone,  and  clay.* 

*  That  conchiferous  strata  arc  as  common  in  remote  regions,  as  at  home, 
the  general  reader  may  learn  from  the  (bllowing  account  of  the  structure 
ofrodu  in  places,  with  urhoac  namca,  at  least,  he  muvt  be  BmiUior. 
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Tlic  lowest  of  these  beds  are  characterised  by  remains 
of  the  simplest  forms  of  animals,  to  wliich,  in  the  Jiving 
state,  the  nonie  poiyparies  is  given ;  formerly  zoophyia*^ 
from  u  mi^iiaken  notion  of  their  participating  also  in  tiie 
nature  of  plants.  To  this  family  belong  Madreporites, 
Encrinites,  Corals,  Alcyonites,  &c.*  In  the  next  strata, 
niuiiuscous  exuviu;  occur;  animals  still  of  a  very  simple 
structure;  of  which  the  earliest  specimens  are  Ortliocera- 
tites.  Ammonites,  &c.  These  have  now  no  analogues 
among  living  beings.  Rising  among  the  secondary'  planes, 
we  find  in  our  coal  sti'ata,  plants  of  species  unknown  to 
these  chmates,  enormous  reeds,  bamboos,  ferns,  &c.  The 
calcareous  strata  which  succeed  the  coal,  contain  shells  in 
great  profusion,  though  still  of  kinds  different  from  those 
found  in  our  actual  seas.  Tliey  are  termed  numismalites, 
belemnites,  gryphites,  terebratulites,  &.c.  Bones  of  fishes, 
and  oviparous  amphibia,  such  as  crocodiles,  turtles,  and 
some  reptiles,  begin  to  appear  a  little  further  up,  but  spar- 
ingly scattered  among  the  shells,  with  which  die  rocks  now 
teem,  and  frequently  to  such  a  degree,  as  to  compose  nearly 
llie  whole  of  their  substance.     Among  the  superior  calcar- 


"  Palcstioe  app:sir8  to  be  composed  principoll)'  of  secondary  limestone^ 
intermingted  with  trap-rocks.  Thus  the  country  between  Jerubulcrii  and 
Ja&  is  compact  limestone :  the  hill  on  which  Nazareth  is  built  is  of  a 
grey-coloured  compart  limestone ;  the  field  of  blood>  mentioned  by  St. 
Matthew,  is  of  friable  limestone ;  David's  cave  ( 1  Samuel,  xxiv.)  appears 
also  to  be  situated  in  limestone ;  the  mount  of  Olives  is  of  luni^stonc, 
in  part  granular ;  limestone  occurs  in  the  valley  of  Jchoshupliat ;  the 
rocks  around  the  pool  of  Siloah  are  of  limestone;  on  Mount  Zion  the 
rocks  are  or  a  conchoidul  grayish  siliceous  limestone;  Mount  Lebanon 
appears  principally  composed  of  limestone ;  Mount  Carmet  is  interest- 
ing, on  account  of  the  large  balls  of  quarts  contained  in  the  limestone ; 
all  the  rocks  in  fine  around  Jerusalem  ore  of  compact  limestone,  lii 
which  also  the  numerous  tombs  in  the  ndghbourhood  arc  hewn.  Mount 
Tabor,  Bethel,  Capernaum,  seem  to  be  oUo  calcareous." — SUUman*M 
AtHencan  Journal,  Junt,  1825. 

*  See  a  great  variety  of  these  beautifully  figured  in  the  s4xroad 
volume  of  Parkinson's  Organic  Remains. 
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eous  and  marly  strata,  ihe  testaceous  remains,  I'esemble  more 
nearly  the  genera  of  livin*^  animals.  We  here  observe 
also  bones  of  UvnantinfSy  whales,  and  other  cetaceous  fishes, 
along  with  a  few  vestiges  of  birds.  In  the  superior  and 
more  recent  beds,  bones  of  land  animals  occur ;  but  diflTer- 
ent  from  our  existing  genera;  such  are  the  Palowiheria, 
Anoplotherio,  Pterodactyles,  &c.  Last  of  all,  in  the  super- 
ficial layers  of  loam  and  gravel,  which  cover  almost  every 
land,  animals  near  akin  to  living  beings,  though  still  speci- 
fically distinguishable  in  some  respects,  lie  buried.  Here 
the  bones  of  the  fossil  elephant,  rhinoceros,  hippopotamus, 
See.  liave  been  exhumed.* 

We  can  now  perceive  what  precision,  geology  may 
derive  from  the  circumstance,  that  ut  two  remote  points  in 
the  plane  or  order  of  the  same  mineral  formation,  we  may 
expect  to  meet  the  same  general  family  of  marine  shells. 
"Thus,"  says  Mr.  Conyl>eoreinhis  excellent  introduction 
to  the  Cieology  of  England  and  Wales,  "  If  we  examine  ii 
collection  of  fossils  from  the  chalk  of  Flamborough  Head, 
Dover  Cliif,  Paris,  or  Poland,  8  species  out  of  every  9  will 
be  the  same.  We  shall  observe  the  same  echinites  asso- 
ciated with  the  same  shells;  nearly  one-half  of  which 
echinites  will  be  found  to  belong  to  divisions  of  that  animal 
tribe,  unknown  in  a  recent  state,  and  indeed  never  met 
with  except  in  beds  of  chalk.  If  we  Tiext  proceed  to 
inspect  parcels  of  fossils  from  the  carboniferous  limestone, 
from  whichever  locality  it  may  be  brought,  we  shall  find 
them  the  same  in  kind ;  the  same  corals,  the  same  cncrinites, 
the  same  product  lerebratuhe,  spiriferie,  &c.  But  between 
ihe  organic  remains  oi"  tiie  chalk  and  mountain  (carboni- 
ferous) lime,  not  one  of  tJie  same  animal  species  will  be 
found,  hardly  any  thing  possessing  resemblance." 

These  facts  seem  to  indicate  that  as  each  peculiar  soil, 
exposure,  and  elevation,  on  tlic  surface  of  the  earth,  bears 
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its  peculiar  families  of  plants,  so  each  peculiar  mineral  bed 
deposited  ou  the  floor  of  that  primeval  ocean,  has  bred  its 
peculiar  tribes  of  animals.  The  texture  of  our  shell  lime- 
stones or  marbles,  would  lead  us  moreover  to  conclude,  that 
in  these  ancient  seas,  a  7iidtis  of  calcareous  paste  has  been 
plentifully  diffused^  in  which  were  tenderly  imbedded,  the 
most  delicate  shells  elaborated  from  it  in  countless  myriads. 
,"!That  conchiferous  strata,  occupy  a  large  portion  of  the 
snrf^ce  of  the  earth,  has  been  generally  known  for  ages ; 
even  Ovid  tells  us  that  we  inhabit  sea-born  lands,  (factor 
ex  ttquore  terras,)  Accurate  accoimts  and  figures  of  corals 
and  shells  were  published  in  the  year  1714-,  by  the  learned 
Duttner,  who  removed  every  rational  doubt  respectini^  llie 
origin  of  these  bmlies,  and  rendered  it  manifest  that  all 
these  fossils  had  primarily  been  inhabitants  of  the  ocean. 
Even  prior  to-  that  period,  Bernard  Pnlissy,  a  Parisian,  had 
proved  that  the  fossil  shells  of  our  strata,  were  animal 
remains  that  had  been  deposited  in  the  sea ;  and  that  the 
impressions  of  fishes,  occasionally  found  on  stones,  were 
actual  casts  of  these  marine  animals. 

Yet  Voltaire,  supposing  these  shells  to  countenance  the 
Mosaic  narrative  of  the  deluji^e,  (diough,  in  fact,  they  do 
not  belong  to  that  event,  but  to  prior  epochs  of  the  world,) 
ifisned  the  following  infidel  rescript,  from  the  Vatican  of 
Ferney.  It  Is  a  good  specimen  of  the  philosophy  of  the 
sect,  and  may  help  us  to  judge  into  what  panics  the  truths 
of  revelation  are  ever  ready  to  throw  the  herd,  when  the 
leader  is  obliged  to  weave  such  a  veil  of  sophistry  and  false- 
hood, in  order  to  hide  a  mere  phantom  from  their  view. 

"  There  ore  some  errors,"  says  ^'ollaire,  "  which  are 
only  for  the  people,  there  are  others  only  for  phUosophers. 
Perhaps  one  of  the  latter  kind  is  the  notion  entertained  by 
many  naturalists,  that  they  perceive,  all  over  the  earth, 
evidences  of  a  general  bouleversement  (subversion).  There 
has  been  found  in  tlie  mountains  of  Hessia,  a  stone  which 
seemed  to  bear  the  impression  of  a  ttu'bot,  and  on  the  Alps 
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a  petrified  pike ;  and  it  has  thence  been  concluded,  that  the 
sea  and  the  rivers  have  flowed  time  about  over  the  moun- 
tains. It  was  more  natural  to  suppose  that  these  fishes 
were  carried  thither  by  a  traveller,  who^  on  their  getting 
spoiled,  threw  them  away ;  and  they  became  petrified  in 
process  of  time.  But  this  idea  was  too  simple  and  too 
little  <»ystematic. 

.  "  There  have  been  also  seen  in  some  provinces  of  Italy, 
France,  &c.  small  shells,  which  are  asserted  to  be  natives 
of  the  sea  of  Syria.  I  do  not  mean  to  contest  their  origin, 
but  ought  we  not  to  call  to  mind  that  innumerable  crowd 
of  pilgrims,  and  crusaders,  who  carried  silver  to  the  Holy 
Land,  and  brought  back  shelb  ?  And  would  peqsle  rather 
believe  that  the  sea  of  Joppa  and  Sidon,  came  to  cover  Bur- 
gundy and  the  Milanese  ?  No  ^*stem  can  give  the  least 
probability  to  the  idea,  so  generally  diffused,  of  the  ocean 
having  rested  a  long  time  over  the  now  habitable  earth,  and 
of  men  having  formerly  lived  where  porpoises  and  whales 
at  present  roam.  Nothing  in  vegetabie  or  animal  life  has 
changed  ;  all  the  species  have  continued  invariably  the  same, 

**  Some  persons  discovered,  or  thought  they  discovered, 
a  few  years  ago,  the  bones  of  a  rein  deer,  and  of  a  hippo- 
potamus, near  Etampes,  and  thence  concluded  tliat  the  Nile 
and  Lapland  had  been  anciently  on  a  pilgrimage  to  Pans. 
But  they  should  rather  have  supposed  that  some  virtuoso 
had  possessed  formerly  in  his  cabinet,  skeletons  of  the  rein 
deer  and  hippopotamus.  A  hundred  similar  examples 
invite  us  to  examine  a  long  time,  before  we  believe."* 

*  I  have  translated  the  first  paragraph  from  his  Dissertation  in  1749,  on 
the  changes  which  have  happened  to  our  globe,  and  the  second  from  his 
Hingularities  of  Nature,  published  in  1768. 

VoltaireV  lust  of  fame,  and  pride  of  literature,  led  him  to  make  a 
public  display,  without  compunction  or  reserve,  of  ever)'  spectre  of  phi- 
losophy that  haunted  his  restless  brain.^  In  1738,  he  published  Elements 
of  the  Newtonian  PkUosophyy  without  understanding,  or  being  able  to 
solve,  a  single  problem  of  the  Principia.  He  competed  in  the  same  year 
for  a  prize  from  the  Academy  of  Sciences,  by  an  elaborate  dissertation 
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On  so  absurd  a  text,  any  comment  is  superfluous. 

The  monuments  of  changes  in  the  constitution  of  nnimal 
and  vegetable  beings,  and  of  an  universal  deluge  whicli 
was  fatal  to  them  both,  are  so  marvellous  and  multiform, 
tiiat  Buron  Cuvier,  by  their  means,  has  had  the  talent  to 
create  as  lively  an  interest  for  the  ancient  empire  of  the 
dead,  as  for  the  kingdoms  of  living  nature.  In  accompany- 
ing him  tlirough  the  dark  cemeteries  of  the  earth,  a 
mysterious  gleam  from  the  primeval  world  penetrates  our 
soul,  and  solemnly  awakens  its  deepest  faculties.  We 
seem  to  walk  among  new  orders  of  beings,  endowed  with 
extraordinary  forms,  and  exercising  paradoxical  functions. 
In  one  sepulchre  we  meet  with  a  sloth,  not  dwarfish  as  a 
small  dog,  like  our  existing  species,  but  of  tlie  gigantic 
stature  of  a  rhinoceros,  provided  with  enormous  arms  and 
claws  for  suspending  itself,  according  to  the  instincts  of  its 
kind,  from  trees  of  colossal  growUi.  In  others,  we  find 
quadrupeds  bearing  wings  on  their  toes,  crocodiles  furnished 
with  fins,  but  no  feet,  and  lizards  of  whale-like  dimensions. 
These  all  speak  of  a  world  unlike  our  own,  Uie  fashion  of 
which  has  long  passed  away.  But  that  world,  the  victim 
of  sin,  will  not  have  perished  in  vain,  if  its  mighty  ruins 
serve  to  rouse  its  living  observers  from  their  slumberous 

OQ  Fire,  though  all  unversed  in  experimental  physics.  In  1741,  be 
addre<iscd  to  the  same  learned  body,  a  Memoir  on  Living  Forces,  a  con- 
troTerted  problem  in  Dynamics,  while  he  was  unskilled  in  mechanical 
MJeoce.  His  Dissertation  on  the  Changes  that  have  hapf/cnedfo  our  Globe, 
agvpeansd  in  1749;  a  work  equally  remarkable  for  its  ignorance  of  every 
brtncb  o(  Natural  Uistor)-,  and  presumptuous  dogmatism.  And  finally 
his  Singuiaritiet  of  Naturt:  came  forth  in  1768.  Here  his  hatred  to 
Moaes  has  hurried  him  into  a  violation  of  many  scientific  truths,  which 
it  was  shameful  for  him,  at  that  period  of  discovery,  not  to  know,  or 
knowing  to  gainsay.  The  proHijjale  hypocrisy  of  the  French  noblesse 
and  churchmen  under  the  Regent  and  Louis  W.  tended  to  produce 
in  ouDda  gifted  like  Voltiure's,  reaction  against  a  Chriatianiiy  .so  rornipt 
and  heartless.  Thus  superstition  becomes  the  parent  of  inBdelity^  a 
result  equally  exemplified  in  much  of  modem  Europe,  as  it  was  in  ancient 
Greece. 
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existence,  if  ihey  lead  them  to  meditate  seriously  on  iLe 
origin  and  end  of  terrestrial  lliings,  and  to  improve  their 
brief  span  hy  the  contemplation  of  the  works  and  ways  of 
Providence.  Thus,  as  the  stream  of  civilization  advances 
towards  the  general  diffusion  of  knowledge,  truth,  and  piety, 
over  the  earth,  new  chamhcrs  of  nature  are  unlocked,  new 
scenes  of  instruction  are  disclosed,  and  new  means  and 
motives  of  intellectual  and  moral  excellence  are  presented 
to  our  view. 

The  above  demonstrative  documents,  however  subversive 
of  the  reveries  of  Brydone  and  Voltaire,  will  hardly  be 
held  decisive,  by  resolute  doubters.  Freethinkers  have, 
in  fact,  little  freedom  of  thout;ht.  Slaves  to  the  dark 
power,  which  their  appetites  and  passions  worsliip,  they 
dare  not  admit  the  light  of  truth  into  tlieir  bosoms* 
Philosophy  must  tlierefore  be  allowed  to  have  its  bigots 
as  well  as  Religion  ;  and  the  former  are  certainly  neither 
the  most  amiable  nor  the  least  dangerous  of  the  two.  Let 
such  as  withold  their  assent  from  this  proposition,  consult 
the  Memoirs  of  Baron  Griinm  and  his  associate  Annalists, 
jlliere  they  will  see  how  far  the  Idolatry  of  scepticism  tends 
to  cherish  purity  of  life,  generosity  of  heart,  gentleness  of 
temper,  elevation  of  sentiment,  truth,  humility,  candour, 
and  all  the  germs  of  moral  excellence.  And  let  us  bear  in 
mind  tliat  the  individuals  so  graphically  portrayed,  were 
of  highly  accomplishedminds,  and  polished  manners.  Yet 
it  is  among  them  particularly,  that  we  may  discern  the  infant 
form  of  that  philosophic  Hydra,  which  soon  thereafter  reared 
its  hundred  heads  In  France,  sickening  the  nations  with  its 
breath.  The  atmosphere,  Uiough  purified  by  the  super- 
vening storms,  which  desolated  Europe,  still  contains  some 
of  the  effluvia,  ready  to  enter  every  predisposed  breast. 
But  tlieir  agency  is  no  longer  restricted,  as  at  first,  to  die 
upper  sphere  of  speculative  juzraiis.  Their  grosser  parti- 
cles have  settled  down  among  the  lower  grades  of  society  ; 
they  are  disseminated  in  the  trade-wind  of  perioilicnls  ;  and 
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have  converted  many  a  workshop  and  cottage,  erewhile 
scenes  of  honest  industry  and  quiet,  into  arenas  of  deceit, 
misrule,  und  intemperance. 

Beings  thus  perverted  widi  the  pride  of  corrupt  doctrines, 
lose  all  relish  for  pure  knowledge.  They  turn  a  deaf  ear 
to  the  strains  of  divine  philosophy,  however  wisely  she  may 
charm.  These  are  a  few  of  the  miserable  trophies  of  anti- 
iheism  ;  these  the  fruits  of  a  little  learning,  divorced  from 
Its  divine  origin  and  end. 

To  stem  this  foul  torrent  by  forcibly  raising  mounds  in 
its  way,  would  be  a  useless  labour.  We  must  remount  to 
its  sources,  and  give  them  a  \viser  and  a  safer  direction. 
We  must  lead  the  lofly  streams  of  science  into  the  legiti- 
mate channels,  wherein  dicy  will  flow  without  disastrous 
inundation,  and  spread  happiness  and  fertility  on  every  side. 
Thus  they  may  once  more  become  the  waters  of  life, 
refreshing  its  labours  here,  and  guiding  it  onwards  to  the 
regions  of  a  blessed  eternity. 

Placed  for  a  quarter  of  a  century,  at  the  head  of  tlie 
Parent  Seminary  for  diffubing  Science  among  the  people, 
and  an  eyewitness  of  many  of  the  evils  above  described, 
it  will  not,  I  presume,  be  deemed  unbecoming  my  character 
and  functions,  it'  I  shall  humbly  tndeavour  to  draw  forth 
the  accordances  of  Science  and  Revelation,  in  the  Structure 
and  Uevolutions  of  our  globe.  May  I  indulge  the  hope  of 
strengthening  by  this  means,  the  faith  of  the  pious,  and  of 
removing  many  chimcral  obstructions,  in  the  path  of  truth, 
so  as  to  enable  the  candid  student  to  discard  his  turbulent 
doubts,  and  ^'  find  joy  and  peace  in  believing." 
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BOOK  I.— THE  PRIMORDIAL  WORLD. 

CHAP.  I— GEBJEUAL  OBSERVATIONS  ON  THE  FORMS  OF 
MATTER. 

Thf^  Ohjftis  to  be  esxunincd  in  thi«  Bonk  nre  the  Gmieral  Forms 
cf  Matter^  Lighi^  iAe  Atmosphere^  and  t/te  Primitive  Strnrhtrf 
ffthe  Terratpieaus  Globe. 
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Unifoiim  experience  proves  that  eveiy  8jK?ciefi  of 
matter,  however  clift'erent  its  essence  may  be,  is 
Kusceptible  o\^  assuming  three  most  distinguishable 
forms ;  the  solid,  the  liquid,  and  the  gaseous  or 
aerial ;  of  which  forms  we  have  familiar  examples 
in  ice,  water,  and  vapour  or  steam.  We  learn, 
by  scientific  research,  that  each  particular  form 
depends  on  the  relation  between  two  opposite  and 
contending  powers  ;  the  attractive  and  repulsive. 
When  the  fonner  power  predominates,  solidity  pre- 
vails; when  the  latter,  gaseity  or  tlie  aerial  state; 
and  when  tlie  two  are  nearly  balanced,  tlie  liquid 
condition  results.  Intennediate  or  transitive  forms 
are  also  possible,  such  as  the  semi-tiuid,  and  the 

mi*gaACOus,  but  to  these  two  no  importance  is 

.taciied,  in  our  present  inquiry. 

E 
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The  attractive  force  i*  that,  ■which  under  various 
mocliti cations,  gives  onpii  to  cuhe>ion.  tenacity, 
hardness,  crv>talJization,  and  ir^\":tation.  Had  U 
reigned  alone  in  the  terrestrial  >y5aem,  everj*  thing 
would  have  been  condensed  into  a  motionless  mass* 
in  wliich  water  and  air  would  have  been  as  fixed  as 
the  solid  nxk. 

This,  tljerefore,  i^  the  natural  condition  into 
which  the  attractive  particles  of  matter  sponta- 
neously tend  to  come,  and  at  which  they  do  arrive, 
unless  counteracted  by  the  divellent  force,  called 
caloric  or  heat. 

Chemical  experimentalists  have  been  too  easily  led 
away  in  their  notions  of  this  power,  by  certain 
va;fue  analo^es  with  their  own  lamiliar  elements ; 
and  have  spoken  of  it  as  a  peculiar  elastic  fluid, 
per\'adinfr  the  pores  of  all  bodies,  in  ditferent  quan- 
tities, according  to  their  >pecitic  heats,  and  their 
actual  temperatures.  They  talk  of  its  transfer  irom 
one  body  to  another,  upon  any  change  of  capacity, 
or  any  disturbance  of  the  thermometric  equili- 
brium ;  of  its  radiating  from  surfaces  by  a  conti- 
nuous efflux,  and  thus  projecting  its  particles  to  the 
greatest  distances  with  inconceivable  velocity.  But 
insM|K'rable  difficulties  attend  the  ver}*  conception 
of  such  a  radiating  and  self-acting  fluid.  Associated 
with  light  in  the  sunbeam,  heat  must  also  follow 
its  theoretic  fortunes.  If  light  consist  in  certain 
vibratory  affections  of  an  elastic  ethereous  medium, 
Ro  nuist  heat.  Experiments  demonstrate  that  the 
calorific  power  extends  beyond  the  limit  of  the 
red  rays,  in  the  prismatic  spectrum,  or  is  lessrefran- 
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:ible  than  them.  It  mu^t,  therefore,  consist  of 
inger  o.scillations  than  those  which  we  shall  see 
tnstitute  red  hght,  and  which  are  one  forty  thou- 
tndth  of  an  inch  in  length.     Such  imduhitions  at  a 

icrtain  intensity  will  expand  the  ponderable  matter 

»f  bodies  which  tliey  actuate,  so  as  to  impair  and 
tally  to  subdue  its  cohe^sive  force ;  whence  the 

ihenoniena   of  sotlness,  brittleness,    fluidity,    and 

vaporisation  will  arise.    All  the  undulations  included 

letween  the  extremes  oi'one  sixty  thousandth  of  an 
ich  for  the  violet  rays,  and  one  forty  thousandth 

if  an  inch  tor  the  red,  are  visible,  that  is,  they  are 
ipable  of  exciting  vibrations  in  the  optic  nerve  ; 
lose  which  are  less  than  one  sixty  tliousandth  can 

txcite  chemical  effects,  and  those  whicli  are  greater 
lan  one  forty  thousandth  can  excite  heating  ettects, 
lOugh  they  cause  no   sensation  of  light   in   the 

luman  eye. 
It  is  probable,  saj's  Dr.  Young,  that  liglit  and 
it  occur  to  us,  each  in  two  predicaments,  the 

ibratoryor  permanent,  and  the  undulatory  ortran* 

lent  state;  vibratory  light  being  the  minute  motion 

igiiited  bodies,  or  ot  solar  jihosphori,  and  umlu- 

Ltory  or  radiant  light,  the  motion  of  the  ethereal 

ledium   excited  by   these  vibrations.     Vibratory 

leat  is  a  motion  to  which  all  material  substances 
"c  liable,  and  which  is  more  or  less  permanent ; 
id  inidulatory  heat  is  that  motion  of  the  same 
:hereal  medium  which  has  been  shown  by  Pictet 
id  Herschel  to  be  capable  of  reflection  and  separ- 
refraction,  like  common  light.     Newlon  enter- 

lined  the  same  sentiments.     He  regarded  heat  as 
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consisting  in  a  minute  vibratory  motion  of  the  pai'- 
ticles  of  bodies  ;  a  motion  comniunicable  through 
an  apparent  vacuum,  by  the  undulations  oi*  an 
clastic  medium,  which  is  also  concerned  in  tlie 
phenomena  of  light.  Such  vibrations  maybe  excited 
among  the  molecidcs  of  bodies,  by  percussion,  fric- 
tion, and  tlic  internal  motiims  of  matter  wliich 
accompany,  and  probably  constitute,  it.s  chemical 
changes.  But  the  particJes  of  fluids  which  cannot 
be  lieated  by  the  most  violent  mechanical  friction 
or  percussion,  seem  to  possess  hardly  any  power  of 
imparting  lieat  to  one  another  ;  showing  apparently 
some  analogy  between  the  communication  of  heat, 
and  its  mechanical  excitation. 

The  syllogistic  division  of  the  sunbeam  into  three 
orders  of  particles,  the  calorific,  colorific,  and  the 
chemical,  is  incompatible  with  the  beautitiil  optical 
experiment  of  M.  Arago,  related  at  tlie  end  of  the 
next  chapter,  where  we  shall  »ee  that  by  doubling 
the  rays  of  light,  their  usual  chemical  effect  oa 
UHwiate  of  silver  becomes  null.  Surely  our  chemi- 
cal compilers  who  introduced  tliat  verbal  distinc- 
tion, will  not  venture  to  maintain  that  chemical 
rays,  added  to  chemical  rays,  protluce  unehemical 
rays;  which  is,  however,  the  necessary  consequeiice 
of  their  hvijothesia, 

That  heat  consists  in  3uch  vibrationa,  seems  to 
be  demonstrated  by  a  fine  experiment  made  long 
ago,  by  Sir  H.  Davy;  in  which  two  pieces  of  ice 
were  converted  into  water,  by  their  nuitual  attri- 
tion, in  an  atmosphere  at  tlie  freezing  temperature. 
Now,  since  the  specific  heat  of  water  is  much  supe- 
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QT  to  that  of  ice,  no  sucli  cavil  can  be  offered  to 
that  experiment,  as  was  urged  (however  unjustly) 
against  Count  Rumford's  similar  deduction  from 
the  heat  evolved  in  the  boring  of  cannon.  Mont- 
golfier  furnished  a  fact  very  favourable  to-  the 
undulatory  tlieory,  when  he  showed  that  a  piece  of 
ordnance,  whether  old  or  new,  becomes  much  more 
speedily  heated  by  discharges,  than  if*  it  were  filled 
with  buniing  coals,  for  ten  times  the  period  of  the 
explosions  of  the  gun-powder.  The  intense  and 
durable  ignition  of  a  platinum  wire,  placed  under 
the  electric  influence,  seems  ex]>licable  also  oidy  on 

e  same  principles. 

In  Sir  H.  Davy's   experiment,  since   the    heat 

:]uisite  for  converting  ice  into  water,  could  not 
derived  from  the  surrounding  cold  medium,  nor 

om  tlie  body  itself,  whose  capacity  is  low,  there 

Tifko  altcniative,  but  to  conclude,  that  heat  must 
actually  generated  by  friction  ;  and  since  it  was 
(111  that  case  generated  out  of  nothing,  it  cannot  be 
any  thing  material ;  nor  even  an  entity,  immaterial 
semi-material,  if  such  language  may  be  used.  It 
must,  therefore,  be  a  quality  ;  and  this  (piaiity  can 
only  be  motion  ;  a  deduction  quite  conformable  to 

le  sentiment  o(  Newton.  We  may  hence  under- 
.stand  why  both  heat  and  light  come  to  possess 
analogies  with  sound.     Thus  a  magnetic  steel  bar 

t  a  ringing  for  some  time,  will  be  deprived  of  its 

agnetism  as  perfectly  as  if  it  had  been  heated  red 
lot ;  and  a  charged  electrical  jar  may  be  discharged 
qually  by  heat  and  by  causing  it  to  sound  like  a 

msical  glass. 
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The  great  physico-geometerii  of  France,  MM, 
Fresnel,  Poissou,  Arago,  and  Fourier,  now  contem- 
plate light  and  heat  as  mollifications  of  the  same 
power.  A  skilful  mathematical  analysis  has  sutis- 
tied  them,  that  the  equations  of  the  propagation  of 
heat  in  solid  bodies  may  be  conciliated,  with  the 
equations  of  tlie  undulatory  movements  of  an  emin- 
ently elastic  fluid.  The  propagation  of  the  temper- 
ature  of  the  molecules  of  a  body  cannot  indeed  be 
assimilated  to  a  fluid  current,  or  to  the  regular 
propagation  of  waves  in  an  elastic  medium.  These 
molecules  acquire,  on  the  contrarj^  their  proper 
temperature,  that  is  to  say,  vibrations  which  con- 
tinue after  the  passage  of  the  calorific  waves,  only 
in  virtue  of  the  portion  of  their  movement  which  is 
not  regidarly  propagated. 

Wlien  the  brute  quiescent  mass  Ls  pervaded  by  this 
vibratory  motion,  its  paiticles  necessarily  renounce 
their  contact,  and  being  at  liberty  to  move  through 
a  greater  or  less  space,  assume  such  forms  as  the 
equilibrium  of  the  attractive  and  calorific  ])ower 
demands.  Fluidity,  or  absolute  incoherence  of  the 
particles,  is  not  indispensable  for  their  changing  the 
position  of  their  attractive  poles,  and  being  grouped 
in  new  arrangements.  Thus,  if  a  mass  of  basalt  be 
exposed  to  a  high  temperature,  it  will  melt  into  a 
Jiquid  glass,  which  quickly  cooled  remains  a  trans- 
parent and  unifonn  \itreous  body.  Now  if  this 
body  be  heated  again  for  some  time,  but  so  moder- 
ately as  not  even  to  have  its  substance  softened,  it 
will  become  throughout  its  whole  interior  a  con- 
geries of  regular  crystals. 
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When  first  the  calorific  energy  was  made  to 
actuate  the  body  of  tlie  eartli  a  mighty  change 
would  ensue.  Tlie  central  mass  composed,  most 
probably,  of  the  metallic  bases  of  the  eartlis  and 
alkalis,  as  volcanic  plienomenaseem  to  attest,  would 
fuse,  the  exterior  parts  would  oxidize  into  tlie  crust 
of  mineral  stiata,  and  the  outermost  coat  of  aU, 
the  fixed  ice,  would  melt  into  the  moveable  waters. 

The  infusion  of  this  quickening  cnergj',  seems 
disUnctly  indicatetl  by  the  inspired  historian  of  the 
earth.  "  In  the  beginning,  God  created  the  heaven 
and  the  earth.  And  the  earth  was  without  form 
and  void ;  and  darkness  was  u])on  the  face  of  the 
deep.  And  the  Spirit  of  God  moved  upon  the  face 
of  the  waters"  This  last  idea,  has  been,  perhajjs, 
more  tridy  rendered  by  Milton,  in  the  expression, 
"dove-like  sate  brooding  on  the  vast  abyss,  and 
made  it  pregnant,"  In  this  sublime  conception, 
tlius  finely  paraphrased,  may  we  not  recognise  the 
impregnation  of  tlic  torpid  sphere,  with  elementary 
fire,  tliat  principle  oi'  all  material  activity ;  that 
power  which  loosens  the  bands  of  primordial  cohe- 
sion, and  communicates  the  essence  of  plastic 
mobility  to  a  refractor^'  solid  ?  But  for  this  mar- 
vellous  constitution,  as  displayed  especially  in  water, 
the  face  of  nature  would  have  for  ever  exhibited  a 
death-like  silence  and  a  dread  repose.  Tlie  globe 
would  have  been  cased  in  an  unchanging  and  wave- 
less  ocean  crust. 

Many  theorists  have  supposed  the  pre-existence 
or  pre-creation  of  a  chaos,  of  which  tlie  actual  sun 
and  planetary  globCvS,  were  afterwards  formed,  either 
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at  once  by  this  mandate  of  Divine  WUdoni,  or  by 
spontaneons  developments  through  indefinite  ages. 
But  neither  reason  nor  revelation  warrants  such 
suppositions.  That  the  earth  was  constructed  with 
reference  to  the  accommodation  of  living  beings  at 
the  volition  of  Omnipotence,  wiU  not  be  denied  by 
any  rational  naturalist  It  is  difficult  to  imagine, 
thereibrc,  what  benefit,  even  theoretic  cosmogony 
can  derive  irom  antedating  the  creation  of  a  cliaotic 
mass,  any  period  of  years,  whetlier  thouwuids  or 
millions.  We  thereby  merely  approximate  Creative 
might  to  the  standard  of  human  imbecility.  Because 
the  chemist  must  wait  many  days,  perhaps  months, 
before  lie  can  draw  forth  regular  crystals  of  saJine 
solids  from  his  heterogeneous  solutions,  must  the 
Deity  be  supjMDsed  to  require  indefinite  ages,  for 
crystidHzing  tlic  granitic  nucleus  of  the  earth,  and 
depositing  over  it,  the  shelving  layers  of  gneiss  and 
mica-slateP  Herein  the  cosmogonist  perfectly  reseu)- 
bles  the  idolatrous  savage,  in  ascribing  to  Deity, 
capacities  and  dispositions  similar  to  those  of  his 
own  foolish  or  malignant  heart. 

The  Being  who  said  "  Let  there  be  light,  and 
there  was  light;"  could  also  say,  let  the  earth  be 
formed,  and  its  passive  matter  would  instantly 
arrange  itself,  conformably  to  its  destined  purposes, 
"^riie  crystalline  arrangement  proceeds  from  the 
exercise  of  peculiar  attractive  forces,  ordained  by 
supreme  wisdom  to  regidate  the  molecules  of 
matter.  Even  man,  by  galvanic  and  other  means, 
may  gi'catly  quicken  the  working  of  that  plastic 
force ;  and  wh)'  should  its  instantaneous  effectuation 
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deemed  beyond,  or  unworthy  of.  Divine  Agency. 

Matter  derives  not  only  ita  existence,  but  it«  vari- 
ous properties,  irom  God-  At  what  })eriod  any 
district  of  the  universe  was  brought  into  bein^, 
and  what  fomi  was  then  asKigned  to  it,  we  can 
leam  only  from  extrinsic  testimony.  Hie  jirimi- 
tive  rocks  ol'the  practical  Geologist  contain  within 
themselves  no  register  of  theu*  birth-day.  The  theo- 
rist may  indeed  speculate  on  the  order  of  priority 
in  primordial  rocks,  and  call  them  successive  ibrnia- 
tions ;  but  this  order  can  be  so  little  established  by 
inductive  evidence,  that  the  oldest  formation  of 
Werner,  his  primitive  granite,  may  be  the  newest, 
according  to  Hutton's  views. 

The  Theistical  Neptunists  would  have  us  believe 
that  our  globe  existed  in  a  chaotic  state,  since  the 
epoch  indefinitely  remote,  at  which  its  materials 
were  crudely  congregated  by  Divine  Agency, 
They  further  say  that  the  same  creative  power 
endued  its  constituent  parts  with  peculiar  attrac- 
tive and  repulsive  Ibrces ;  and  then  they  desire 
us  to  believe,  that  these  forces  were  set  in  mutual 
conflict,  through  uncounted  ages,  for  the  purpose 
of  eventually  bringing  order  out  of  confusion,  and 
producing  the  crystalUne  and  stratilbrm  arrange- 
ments, observed  in  the  crust  of  the  earth.  Now, 
what  is  gained  by  granting  these  hj'pothctical  pre- 
mises ?  Notiiing  tiiat  1  can  apprehend,  lliey 
merely  serve  to  show  the  presumption  of  man,  who 
regards  the  primitive  stiiicture  of  this  terraqueous 
globe,  a  labour  too  intricate  for  the  instantaneous 
fiat  of  Omnipotence. 
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Again,  hatl  our  earth  pre-existed  from  eternity, 
in  chaotic  confusion,  as  some  cosmogonists  have 
taught,  in  chaotic  confusion  it  must  have  eternally 
remainctl.  The  rcfjular  order  and  subsen  iencv  of 
its  parts,  are  irresistible  proofs  of  an  originating 
intelligence,  which  acting  with  unlimited  power, 
needed  not  to  wait  the  slow  progress  of  precipita- 
tion from  a  chaotic  fluid,  for  the  production  of  our, 
or  any  other  planetary  spheroid.  On  this  subject 
where  sound  reason  must  apply  the  principles  of 
corpuscular  science,  the  sentiments  of  Newton 
merit  the  deepest  attention.  "  It  seems  probable 
to  me  that  God  in  the  beginning  formed  matter  in 
soUd,  massy,  hard,  impenetrable,  moveable  parti- 
cles, of  such  sizes  and  figures,  and  with  such  other 
properties,  and  in  such  proportions  to  space,  as 
most  conduced  to  the  end  for  which  he  formed 
them.  All  material  things  seem  to  have  been  com- 
posed of  the  hard  and  solid  particles  above  men- 
tioned, variously  associated  in  the  Jirst  creation  by 
the  counsels  of  an  inteUigejit  agent.  For  it  became 
him  who  created  them,  to  set  them  in  order ;  and 
if  he  did  so,  it  is  unphilosophical  to  seek  for  any 
other  origin  of  this  world,  or  to  pretend  tliat  it 
might  rise  out  of  a  chaos  by  the  mere  laws  of  Na- 
ture; though  being  once  formed,  it  may  continue 
by  those  laws  ibr  inauy  ages,"*  By  Nature  Newton 
means  here,  the  scries  of  laws  imposed  on  matter 
by  its  Author. 

Many  speculative  writers  have  considered   the 
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record  of  Moses  as  rctbrring  merely  to  the  origin 
of  the  human  race,  without  at  all  ilefining  the  epoch 
at  wliich  either  the  earth  or  the  system  of  the  wprld 
was  made.  This  opinion  seems  quite  incompatible 
with  the  direct  and  obvious  meaning  of  his  narra- 
tive of  Creation.  Tlie  demiurgic  week,  as  it  is 
called,  is  manifestly  composed  of  six  working  tlays 
like  our  own,  andaday  of  rest,  each  of  equal  length, 
and  therefore  containing  an  evening  and  a  morn- 
ing, measured  by  a  rotation  of  the  earth  round  its 
axis.  That  this  rotation  did  at  no  former  period, 
diifer  materially  in  duration  from  the  present  length, 
has  been  shown  by  Laplace  in  his  St/sfeme  du  Mo?ide, 
Hence  it  is  to  be  regretted  that  any  commentators 
of  Scriptui'e,  misled  by  the  fancied  necessity  of 
certain  geological  schemes  of  stratiform  superposi- 
tion, should  have  vexed  themselves  and  their  read- 
ers, in  torturing  the  Hel)rew  words  for  day,  and 
evening  and  morning,  into  many  mystical  render- 
ings. That  Moses  attiiched  no  such  vague  meaning 
to  the  creative  days  in  Genesis,  is  e\ident  from  the 
language  of  the  fourtli  commandment  in  Exodus. 
**  Six  days  shalt  thou  labour  and  do  all  thy  work, 
but  the  seventli  is  the  Sabbath  of  the  Lord  thy 
Qod  ;  in  it  thou  shalt  fwt  do  any  work  ...  for 
in  six  days  the  Lord  made  Heaven  and  Earth,  the 
sea  and  all  that  in  them  is,  and  rested  the  seventh 
day  ;  wlierefore  the  Lord  blessed  the  Sabbath-day 
and  hallowed  it,"  Here,  as  every  where  else,  the 
Bible  is  its  best  inter])reter,  and  will  always  enable 
any  man  of  common  sense  and  unbiassed  judgment, 
to  arrive  at  a  satisfactory  conclusion,  while  tlic  dupe 


1$ 


KOOK  I.-CHAP.  I.— FORMS  OF  MATTER. 


of  critical  refinement  is  Btumbling  in  a  labyrinth  of 
Hebrew  roots. 

We  may,  moreover,  ask  why  we  should  claim  in 
behalf  of  our  globe,  a  more  ancient  origin  than  that 
assigned  by  tlie  inspired  chronologist  ?  Will  its 
rank,  dignity,  and  importance,  be  enhanced  by  a 
remote  genealogy  ?  Is  this  a  taint  of  the  pride  of 
ancestry,  common  to  the  whole  family  of  man  ?  But 
how  can  it  be  safely  gratified?  Even  lynx-eyed 
science  can  pierce  tlie  dark  veil  of  creation  no 
fiirtlier  than  common  vision.  Her  telescopic  glasses, 
which  pierce  farthest  into  space,  have  no  time- 
penetrating  power  whatsoever. 

That  Geometry  can  carry  the  eye  far  into  the 
future  and  the  past,  is  a  mere  verbal  fallacy.  It 
can  enable  us  to  calculate  the  relative  positions  of 
spherical  masses,  revolving  at  certain  rates  in  cer- 
tain orbits  for  a  series  of  ages  ;  but  it  reveals  nothing 
about  tlie  condition  of  these  masses,  in  time  pastor 
future,  far  less  as  to  their  origin.  Had  we  been 
told  that  Deity,  in  the  beginning,  created  a  chaos 
out  of  which  symmetry  was  to  be  educed  through 
a  long  series  of  material  transmutations,  then  jihilo- 
sophy  might  have  proffered  her  conjectures  concern- 
ing the  order  of  evolution;  but  ancient  chaos  is 
merely  a  mythological  fiction,  disa^  owed  alike  by 
the  word  and  msdom  of  God.  Tbc  pristine  reign  of 
elemental  strife  and  confusion  under  that  "Anarch 
old"  is  inconsistent  with  the  Government  of  Omni- 
potence. Chaos  is,  in  fact,  a  dogma  borrowed  by 
Pythagoras  from  the  Persian  Magi,  representing  the 
eternal  war  that  was  waged  between  Ormuzd,  and 
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Ahriman  (Oromiwdes,  and  Arimaniuji,)  the  un- 
createil  principles  of  good  and  evil,  of  light  and 
darkness.  Had  these  two  contending  powers  been 
equal,  as  they  were  diametrically  opposite  in  every 
aim  and  effort,  then  reciprocal  counteraction  must 
have  resulted,  tlie  equihbrium  of  Death.  Thus 
nothing  could  be,  for  nothing  would  have  been 
suffered  to  exist.  It  is  mar\'ellous  how  Doctors  of 
Dhinity  dared  to  introduce  the  heathen  and  atJie- 
istical  absurdity  of  a  Chaos  into  their  conunenttu^ies 
on  the  Mosaic  record  of  Creation.  With  regard  to 
the  antiquity  of  our  earth,  nothing  can  be  known 
except  wliat  the  Eternal  S])irit  has  deigned  to  re- 
veal. Jtaque  saluiare  admodum  est,  si  mente  sobria^ 
Jidei  tantum  dentu7\  que  Jidei  sunt, — Bacok. 

The  date  of  its  ci^cation,  according  to  the  Chro- 
nology of  the  Hebrew  Bible,  was  40M  years  before 
the  Birth  of  our  Saviour.  Astronomy  shows  tliat 
the  great  axis,  or  longest  diameter  of  the  elliptic 
orbit,  in  whicli  our  earth  revolves  round  the  Sun, 
as  placed  in  one  of  the  foci,  coincided  at  tiiat  epoch 
with  the  line  of  the  equinoxes.  Hence,  then  at  the 
instant  of  the  autumnal  equinox,  the  sun  was  nearest 
the  earth,  or  in  perigee,  and  of  the  vernal  equinox, 
he  was  in  apogee;  and  tlierefore  his  elliptic  orbit 
and  time  of  revolution  were  each  evenly  divided 
between  the  seasons.  From  spring  to  autumn,  as 
many  days  and  hours  elapsed,  as  from  autumn  to 
spring,  for  either  hemisphere  of  our  globe.  Ever 
since  that  date,  the  summer  division  of  the  year  has 
been  growing  longer,  and  the  winter  division  shorter, 
for  all  latitudes  north  of  the  equator;  the  difference 
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of  length  amounting  in  the  present  century  to  more 
than  seven  days.  From  the  equinox  of  spring,  to 
the  solstice  of  summer,  0^  days,  21  hours  ami  a  half, 
intervene  ;  from  the  summer  solstice  to  the  equi- 
nox of  autunm,  [)3  days,  13  hours  and  a  half;  from 
this  equinox,  to  the  solstice  of  winter,  89  days,  l6 
hours  and  three  quarters ;  and  from  this  instant,  to 
the  vernal  equinox,  89  days,  1  hour  and  4-0  minutes. 
The  summer  section  of  the  orbit  contains,  therefore, 
186  days,  and  11  hours,  while  the  winter  section 
contains  only  I7S  days  and  18  hours,  the  diflerence 
being  no  less  than  7  days  and  I7  hours, — a  diHer- 
cnce  to  which,  in  some  measure,  the  superior  tem- 
perature of  tlie  northern  terrestrial  hemisphere  may 
be  ascribed. 

Such  was  the  position  in  wliich  the  earth  was 
launched  into  space,  such  the  attitude  in  which  it 
commenced  its  circling  career.  I  have  no  doubt, 
that  by  many  it  will  be  deemed  the  conception  of  a 
narrow  mind,  to  limit  the  origin  of  our  earth  to  so 
modern  an  epoch.  But  if  it  was  formed  for  the  dwel- 
ling place  of  Man,  what  use  is  there  for  imagining 
a  more  distant  beginning?  Why  build  a  mansion 
in  the  wilderness  of  space,  long  ere  tenants  are  pre- 
pared to  occupy  it?  Nor  are  we  warranted  in 
ascribing  an  earlier  date  to  the  celestial  orbs ;  for 
the  heavens  and  the  earth  were  the  oflspring  of  one 
creative  mandate.  And  what  advantage  do  Philo- 
sophers hope  to  gain,  by  going  back  a  milhon  of 
ages  ?  Even  then  they  are  at  an  era  equally  recent, 
compared  with  Him  who  is  from  everlasting  to  ever- 
lasting, for  with  the  eternity  of  his  being,  all  revolv- 
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ing  time  is  incommensurable.  Though  the  exist- 
^cnce  of  spiritual  intelligences  prior  to  the  forma- 
tion of  Man,  seems  to  be  suggested  in  Scripture, 
yet  of  material  prc-existcnce,  no  indication  is  given. 
It  appears,  therefore,  tliat  neither  Reason  nor  Reve- 
lation will  justify  us  in  extending  the  origin  of  tlie 
material  system,  beyond  GOOO  years  from  our  own 
days.  The  world  then  received  its  substance,  form, 
and  motions,  from  the  volition  of  the  Omnipo- 
tent 

Assuredly,  no  rational  creature  can  carry  its 
thoughts,  without  a  profound  sentiment  of  dismay 
and  self-annihilation,  into  that  infinity  of  iime  and 
space,  which  was  occupied  by  Deity  alone.  Can 
Philosophy  tranquilhze  the  soul,  in  doubt,  whether 
this  appalling  solitude  shall  not  return  ?  No  indeed. 
But  the  Faith  of  Jesus  Christ,  founded  on  his 
Resurrection,  gives  his  followers  the  assurance,  that 
tlie  future  infinity  will  he  of  a  different  character 
from  the  past ;  for  in  it,  the  self-existing  Jehovah, 
will  live  in  fellowship  with  the  spirits  of  just  men 
made  perfect. 

That  divine  Revelation  was  not  imparted  to  Man, 
for  the  purpose  of  instructing  him  in  the  recondite 
principles  of  Physics,  is  a  proposition  fully  laid  down 
in  the  Introduction.  Yet  there  may  be  certain  pri- 
mary facis,  beyond  the  liorizon  of  science,  shadowed 
out  by  prophecy,  as  Jimits  to  speculative  temerity, 
and  resting  points  to  the  pious  spirit.  Without 
such  supplemental  illumination,  Man  can  know 
nothing  of  the  cause,  and  manner,  of  himself,  and 
his  companion  beings,  coming  into  existence.    Igno- 
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rant  of  these  transcendent  truths,  the  ancient  Plii- 
losophcrs  plunged  themselves  and  their  scholars 
into  an  ocean  of  doubt,  and  error.  Notwithstand- 
ing the  many  beacons  of  their  shipwrecks  which 
shine  in  history,  modern  philosophers  still  disdain 
to  consult  the  unerring  oracles  of  God,  on  questions 
to  which  they  alone  can  give  a  true  response.  In 
such  matters,  Science  can  hold  no  haughty  preten* 
sions,  but  must  sit  down  a  humble  disciple,  to  learn 
the  rudiments  of  all  knowledge.  Once  imbued  with 
these  fundamental  axioms,  she  may  then  safely 
advance  in  the  kindred  paths  of  observation  and 
experiment ;  of  calculation  and  induction.  So  far 
do  the  Sacred  Scriptures  bear  on  Physical  research  ; 
and  no  farther.  The  Philosopher  is  thenceforward 
left  to  exercise  his  judgment  on  every  object  or 
event,  level  to  his  rational  faculties.  The  paths  of 
lieligion  and  Science  are  subsequently  distinct, 
though  never  opposite,  each  conducive,  when 
rightly  pursued,  to  the  dignity  and  happiness  of 
human  nature.  It  is  equally  to  be  regretted,  that 
this  separation  of  the  subjects  has  not  been  more 
carefully  observed  by  the  expositors  of  Revelation  ; 
and  that  the  parallelism  of  aim  in  the  study  of 
Nature  and  its  Author,  has  been  too  often  disre- 
garded by  tlic  Philosopher. 
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Since  the  fluid  condition  of  boilies  is  known  to 
proceed  from  the  vibratory  actions  of  heat,  coun- 
teracting more  or  less  the  cohesion  of  tlie  attractive 
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poles  of  the  particles  of  matter,  we  have  humbly 
pcoposed  to  recognise,  in  the  expression,  ••  the  Spirit 
of  God  moved  upon  the  face  of  the  waters,"  the 
commencement  of  the  quickening  energy,  from 
which  our  globe  derives  all  its  mobile  and  vital  capa- 
cities. Between  heat  and  light,  so  intimate  a  rela- 
tionship subsists,  that  tliey  must  be  conceived  as 
two  modifications  of  the  same  fundamental  agency. 
Thus,  if  any  substance,  even  a  stone,  water,  or  air, 
be  heated  to  a  sufficient  degree,  it  becomes  lumi- 
nous. 

The  light  evolved  so  copiously  from  the  bodies  of 
dead  fish,  is  extinguished  at  a  freezing  temperature ; 
but  shines  forth  again  whenever  they  arc  thawed. 

And  on  the  other  hand,  the  solar  light  is  always 
accompanied  with  a  calorific  influence.  This  rela- 
tionsliip  appears  in  the  narrative  of  Creation,  for 
consentaneously  with  the  movement  of  the  Spirit 
upon  the  face  of  the  waters,  God  said,  Let  there 
be  Light,  and  there  was  Light. 

The  phenomena  of  light  have  generally  been 
ascribed  to  the  impulsion  of  certain  material  parti- 
cles, supposed  to  be  emitted  in  rapid  succession,  by 
luminous  bodies  constituting  a  nearly  continuous 
chain,  called  a  ray  of  hght.  So  seriously  has  the 
reality  of  this  notion  been  entertained,  that  some 
theorists  have  undertaken  to  determine  the  size,  dis- 
tance, velocity,  and  momentum  of  these  particles, 
if  not  with  absolute  precision,  at  least  within  cer- 
tain limits  of  the  truth,  Priestley  relates  some  expe- 
riments of  Mr.  Mitchell's,  made  by  throwing  the 
focus  of  a  concave  mirror  on  the  extremity  of  a  very 
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delicate  balance-beam  nicely  suspended,  by  which 
means,  a  slight  motion  being  given  to  the  beam,  it  was 
inferred  that  the  light  thus  collected,  had  a  sensible 
momentum.  From  the  weight  of  the  beam,  and 
from  the  motion  which  was  communicated  to  it  by 
the  impulse  of  light,  also  from  the  well  kjiown  velo- 
city of  light,  it  was  calculated,  that  the  matter  con- 
tained in  the  light  whicli  was  thrown  upon  the  end 
of  the  above-mentioned  beam,  during  one  second  of 
time,  and  which  was  collected  from  a  reflecting  sur- 
face, of  about  4  square  feet,  amounted  to  no  more 
than  one  1200  millionth  part  of  a  grain.  But  an 
uninterrupted  sensation  of  vision,  may  be  produced 
by  a  discontinuous  scries  of  impressions  of  the  lumi- 
nous particles;  as  a  light  rapidly  moved  across  a  hole 
in  a  dark  screen,  makes  the  hole  appear  constantly 
luminous.  Therefore  it  was  further  computed,  that 
a  particle  of  light  projected  every  tenth  of  a  second 
from  each  point  of  a  luminous  surface,  was  sufficient 
for  uninterrupted  vision.  But  in  one  tenth  of  a 
second,  light  moves  through  twenty  thousand  miles ; 
hence  this  may  be  the  interval  between  the  successive 
links  in  the  luminous  ray,  permitting  other  pailicles 
to  cross  without  chance  of  mutual  obstruction. 
Another  step  led  the  same  theorists  to  measure  the 
waste  of  luminous  matter,  which  the  sun  would  expe- 
rience in  a  day,  a  quantity  which  they  found  to 
amount  to  2  grains  ;  constituting  only  ()70  pounds, 
avoirdupois,  in  6000  years. 

It  is  difficult  to  say,  whether  the  above  experi- 
ments or  deductions  are  most  absurd.  A  delicate 
balance,  that  for  example  made  by  Ramsden,  tor  the 
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Royal  Society,  is  so  easily  disturbed  by  heat,  that  the 
one  arm  will  elong;itc  and  cause  its  scale  to  descend, 
when  it  receives  the  radiation  of  heat  from  the  body 
of  an  experimenter,  more  directly  than  the  other 
arm.  Hence,  by  his  moving  a  little  to  tlie  right  or  to 
the  left,  infrontof  the  beam,  its  truth  will  be  impaired. 
Therefore,  the  heating  influence  of  the  sunbeam, 
on  the  air  and  the  balance,  in  the  experiments  recor- 
ded in  Priestley's  History  of  Light,  Period  vi.  Sec- 
tion 1,  Chap.  iii.  was  the  proper  and  adequate  cause 
of  the  elongation  of  the  beam,  and  of  the  apparent 
weight  of  the  luminous  particles.  In  fact,  of  two 
closely  corked  globes  of  water  accurately  poised  at 
the  same  temperature,  in  a  delicate  balance,  if  one 
be  heated  and  replaced  in  the  scale,  it  will  prepon- 
derate by  the  elongation  of  its  end  of  the  beam. 
Neither  these  experiments,  nor  any  other  that  I  have 
seen  described,  justify  us  in  concluding  light  to  be 
an  emission  of  material  particles,  however  small. 
On  the  contraiy.  Dr.  Thomas  Young,  Secretary  of 
the  Board  of  Longitude,  has  shown,  by  new  expe- 
riments and  researches,  no  less  ingenious  than  pre- 
cise, that  light  does  not  consist  in  tlie  emanation  of 
particles,  but  in  the  undulatory  movements  of  a 
luminiferous  ether,  which  pervades  the  Universe, 
rare  and  elastic  in  a  high  degree.  He  further  sliows, 
that  this  theory  of  the  nature  of  light,  long  ago 
embraced  by  Huyghcns,  was  at  one  time  contem- 
plated by  Newton,  with  no  unfavourable  eye.  "  Were 
I,"  says  Newton,  "  to  assume  an  hypothesis,  it  should 
be  this,  if  propoimded  more  generally,  so  as  not  to 
determine  what  light  is,  further  than  that  it  Is  some- 
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thing  or  other  capable  of  exciting  vibrations  in  the 
ether  ;  for  thus  it  will  become  so  general,  andcom* 
prehensive  of  other  hypotheses,  as  to  leave  little 
room  for  new  ones  to  be  invented.  (Birch,  iii. 
241),  Dec.  1675.) 

When  two  undulations,  from  different  origins, 
coincide  either  perfectly  or  very  nearly  in  direction, 
their  joint  effect  is  a  combination  of  the  motions 
belonging  to  each.  When  they  differ  in  frequency, 
they  produce  different  colours,  as  the  different  fre- 
quency of  aerial  undulations,  j)roduccs  different 
musical  tones.  When  two  series  of  equal  frequency 
coincide  exactly  in  point  of  time,  it  is  obvious  that 
the  united  velocity  of  the  particular  motions  must 
be  greatest ;  and  also,  that  it  must  be  smallest,  and 
if  the  undulations  be  of  equal  strength,  totally 
destroyed^  when  the  time  of  the  greatest  or  forward 
motion,  belonging  to  one  undulation,  coincides  with 
that  of  tiic  greatest  retrograde  motion  oi'  the  other. 
In  intermediate  states,  the  joint  undulation  will  be 
of  intermediate  strength.  It  is  well  known,  that  a 
similar  cause  produces,  in  sound,  that  effect  which 
is  called  a  beat  in  music  ;  two  series  of  aerial  undu- 
lations of  nearly  equal  magnitude,  alternately  co- 
operating, and  destroying  each  other,  according  as 
they  coincide  more  or  less  perfectly  in  the  times  of 
performing  their  respective  motions.* 

In  a  papei-  read  before  the  Royal  Society,  July 
1,  180'^,  Ur.  Young  laid  down  the  following  optical 
law ;  **  that  wherever  two  portions  of  the  same  light 
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arrive  at  the  eye  by  different  routes,  either  exactly 
or  very  nearly  in  the  same  direction,  the  light 
becomes  most  intense,  when  the  difference  of  the 
routes  is  any  multiple  of  a  certain  length,  and  least 
intense  in  the  intermediate  state  of  the  interfering 
portions  ;  and  this  length  is  different  for  light  of  dif^ 
ferent  colours."  This  important  law,  the  basis  of  a 
new  and  admirable  theory  of  light,  has  been  since 
fiiUy  adopted  by  M.  Fresnel,  and  M.  Arago,  who 
have  enforced  and  illustrated  it  by  many  fine  re- 
searches. It  demonstrates  incontestibly  the  separate 
existence  of  a  luminiferous  ether,  which  may  be 
made  to  undulate,  not  only  by  tlie  sun  and  other 
permanent  foci  of  vibration  ;  but  by  a  vast  number 
of  other  causes,  such  as  the  friction  or  gentle  heat- 
ing of  many  mineral  solids,  and  by  several  chemical 
actions,  independent  of  combustion.  Hence  we  see 
tliat  this  ether,  being  indispensable  to  the  operation  of 
every  luciferous  impulse,  being  in  fact  the  substratum 
or  subject  matter  of  light,  as  air  is  of  sound  in  gene- 
ral, must  necessarily  have  had  a  precedent  and  inde- 
pendent existence,  as  Moses  has  declared  in  his  nar- 
rative of  creation.  That  luciferous  impressions  may 
be  produced  without  any  intercourse  with  the  sun, 
is  established  by  many  facts.  The  phosphorescence 
of  minerals  buried  since  the  origin  of  things  in  the 
bowels  of  the  earth  ;  the  electric  light  caused  bv 
friction,  metallic  contact,  or  the  volition  of  the  elec- 
tric eel ;  the  luminousness  of  many  insects,  worms, 
and  marine  mollasca  in  the  living  state,  and  of  the 
fibres  of  animals  and  vegetables,  after  death ;  the 
lucid  points  of  themoou's  disc,  where  the  sunbeams 
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do  not  fall,  all  attest  that  light  may  exist  without 
solar  excitation.  •  The  luciferous  action  of  dead  fish 
may  be  transferred  to  water,  may  be  brigiitened  by 
adding  a  certain  quantity  of  saline  matter  to  the 
solution,  darkened  by  a  greater  quantity,  relumed 
by  moderate  dilution,  and  finally  desti'oyed  by  heat 
or  excess  of  water.  It  is  very  curious  to  see  the 
luminous  water,  gradually  becoming  dim  witli  the 
addition  of  salt,  till  tiie  light  finally  disappears  ;  and 
instantly  bursting  forth  again  from  absolute  dark- 
ness, by  a  certain  dilution  with  water.  Thus  we  may 
fill  a  wine  glass  with  light.  In  all  these  cases,  the 
luminous  phenomena  residt  from  the  vibratory 
impression  communicated  with  greater  or  less  force 
to  the  ethereous  medium.  These  vibrations  may  be 
multipHed  or  diminished,  by  various  causes,  appa- 
rently \ery  slight,  and  very  enigmatical.  In  our 
further  inquiries  into  the  nature  of  light,  we  shall 
find  that,  if  the  length  of  a  luminous  undulation  be 
less  than  one  sixty  thousandth  of  an  inch,  it  becomes 
incapable  of  exciting  the  sensibility  of  our  visual 
organs  j  but  chemical  experiments  prove,  that  much 
shorter  and  more  rapid  undulations  of  the  luminifer- 
ous  ether  exist  beyond  the  luminous  verge  of  the 
spectrum,  which  are  still  essentially  light,  though 
imperceptible  to  our  visual  orb.  How  unphilosophical 
therefore  to  infer,  the  absolute  want  or  non-existence 
of  light,  whenever  our  purblind  optics  cannot  discern 
it?  And  since  we  know  that  the  luciferous  ether  may 
be  thrown  into  visible  luminous  undulation,  without 
the  sun  or  stars,  and  into  invisible  luminous  undu- 
lation by  the  sun  and  stars^  what  reason  have  we  to 
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conclude  that  similar  undulations  do  not  ag^itate  itr 
at  all  times  independently  of  these  focal  excitants? 
Its  elastic  mobility  indeed  is  such,  that  from  the 
instant  of  its  creation,  or  first  disengagement  from 
the  primeval  substance  of  the  heavens  and  earth, 
its  vibrations  must  have  commenced,  and  have  con- 
tinued with  more  or  less  frequency  and  intensity  to 
the  present  hour. 

Had  Moses  written  the  record  of  Creation,  from 

the  inlbrmations  of  sense,  or  Egyptian  learning,  he 

would  not  have  placed  the  Creation  of  Light,  three 

days  prior  to  the  Creation  of  the  Sun,  Moon,  and 

Stars.    Accordingly,    this  apparent  inversion  of  the 

order  of  natural  causes  and  effects,  this  supposed 

anticipation  of  a  phenomenon  before  the  existence 

of  its  agent,  has  become  a  stumbling-block  to  many 

evil  disposed  minds,  and  a  stone  of  offence  to  the 

impious,  iuHtead  of  being  regarded  as  a  motive  to 

deeper  study  into  Nature,  and  of  humbler  faith  in 

its  Author.     When,  however,  in  the   progress  of 

research,   we   come   to   discover   that   Moses  has 

described  events  in  their  just  order  of  sequence,  an 

order,  which  reason  could  never  suggest  to  him,  and 

wliich  has  lain  concealed  till  our  own  days,  even 

from  the  philosopher,  we  arc  then  forced  to  conclude, 

that  he  was  inspired  with  a  knowledge  truly  ilivine. 

"  Philosophy,"  says  Frederick  Schlegel,  "  when 

studied  superficially,  leads  to  unbelief  and  atheism, 

but  when  properly  understood,  is  sure  to  produce 

veneration  for  God,  and  to  render  faith  in  him  the 

ruling  principle  of  our  life." — Leclurts,  II.  li)b, 

1  shall  now  proceed  to  give  a  brief  detail  of  the 
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experiments  and  observations  subservient  to  tlie 
undnlatory  theory  of  light,  a  subject  no  less  inter- 
esting on  its  account,  than  in  reference  to  the 
primeval  world. 

Make  a  small  hole  in  a  window-shutter,  and  cover 
it  with  a  bit  of  tin  foil,  h.iving  two  parallel  sHts  cut 
in  it  with  a  penknife,  about  one  two  hundredth  of 
an  inch  asunder.  When  the  room  is  darkened,  the 
sunbeam  in  passing  through  these  slits,  will  form  an 
image,  which  received  on  a  card,  is  seen  to  consist 
of  a  series  of  dark  and  brilliant  lines,  with  coloured 
fringes.  On  closing  one  of  the  slits,  the  interior 
fringes  disappear,  although  the  hght  diffused  in  the 
shadow  of  the  intermediate  part  of  the  other  slit, 
be  still  perceptible-  This  experiment,  due  to  Dn 
Young,  proves  distinctly  the  mutual  influence,  or 
interference  of  the  rays  of  light;  but  the  following 
modification  of  it  by  M.  Fresnel,  affords  a  more 
striking  result. 

Introduce  the  sunbeam  into  a  dark  room,  through 
a  pin  hole  made  in  a  bit  of  tin  foil,  or  through  a 
very  small  lens  fixed  in  the  window  shutter.  Receive 
this  beam  on  a  mirror  consisting  of  two  little  pieces 
of  plate  glass,  having  their  edges  exactly  in  one  line, 
in  perfect  contact,  and  verj'  slightly  inclined  to  each 
other.  The  deviation  of  the  two  from  the  same 
plane,  should  be  as  small  as  may  be  requisite  to 
produce  at  once  two  images  of  the  luminous  point. 
They  may  be  adjusted  to  tlie  position,  by  pressing 
thcra  down  on  a  board,  covered  with  soft  wax,  after 
their  posterior  surfaces  have  been  blackened  with 
China  ink.     The  fringes  formed  <ifler  reflection, 
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present  a  seiies  of  brilliant  and  obscure  bands, 
parallel,  and  equi-distant,  which  may  be  received 
eitlier  on  a  card,  or  viewed  directly  through  a  niag- 
nilyin^  lens*  The  direction  of  these  bands  is  always 
perpendicular  to  the  straight  line,  which  joins  the 
two  images  of  the  luminous  point,  whatever  be  the 
direction  of  this  line  relatively  to  the  touching 
edges  of  the  mirrors  ;  which  proves  that  they  do 
not  proceed  from  any  influence  exercised  by  these 
edges  on  the  luminous  rays  which  pass  in  tlieir  vici- 
nity. Besides,  by  increasing  the  angle  of  incli- 
nation  of  the  mirrors,  the  two  images  of  the  lumi- 
nous point  may  be  separated  to  such  a  distance,  that 
the  rays  which  go  to  the  formation  of  the  fringes, 
shall  be  reflected  so  far  from  the  touching  edges, 
that  "we  cannot  reasonably  suppose  any  sensible 
action  to  proceed  from  them. 

The  central  band  is  brilliant,  as  in  the  fringes 
which  divide  the  shadow  of  a  narrow  body  placed 
in  the  sunbeam,  or  those  obtained  from  the  screen 
pierced  with  two  narrow  slits.  That  brilliant  band 
is  placed  between  two  dark  bands  of  the  deepest 
black,  provided  a  light  sensibly  homogeneous  be 
employed,  such  as  the  red  light  received  through 
certain  red-stained  glass.  Each  of  these  obscure 
bands  is  followed  by  a  brilliant  band,  to  which  again 
succeeds  an  obscure  band,  and  so  in  succession. 

It  is  sutficient  to  compare  the  dark  bands  of  the 

-first,  second,  and  third  orders,  caused  by  the  joint 

reflection   from    the   two   mirrors,    with   the  liirht 

H  reflected  from  a  single  mirror,  in  order  to  be  con- 

H  vinced  that  the  former  are  much  less  enlightened. 
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Hence,  in  the  spaces  which  they  occupy,  it  is  phiin 
that  the  addition  of  the  rays  of  one  mirror  to  those 
of  another,  instead  of  forming  a  more  intense  light, 
has  produced  darkness.  It  is  easy  to  make  this 
comparison,  by  contemplating  successively  ilie  black 
bonds,  and  the  portions  of  the  illuminated  Held, 
situated  to  the  right  and  left  of  the  portion  doubly 
illuminated,  where  the  fringes  exist.  It  is  thus  per- 
fectly proved,  that  in  certain  cases,  lighl  added  to 
light  J  produces  darkness.  The  preceding  ibrm  of 
experiment  removes  all  idea  of  a  dijf'ractive  action, 
dilating  the  luminous  beams  in  certain  points,  to 
condense  them  in  others;  since  the  phenomenon 
is  here  produced  by  rays  regularly  reflected. 

It  is  obvious  that  the  fringes  result  from  tlie 
mutual  action  of  tlie  rays  which  meet  each  other  ; 
for  if,  with  a  screen,  placed  near  one  of  the  mirrors, 
we  intercept  all  its  rays,  either  before  or  after  their 
reflection,  these  fringes  disappear  entirely,  althougli 
the  space  which  tliey  occupied  continues  to  be 
enlightened  by  the  other  mirror ;  and  we  no  longer 
perceive  any  thing,  except  the  pale  and  unecpially  dis- 
tributed fringes  which  edge  the  shadow  of  the  screen. 

If  we  cover  with  the  screen  only  one  half  of  the 
mirror,  so  as  to  cause  the  disappearance  of  the 
fringes  only  over  thc'half  of  their  length,  we  can  con* 
veniently  compare  the  remaining  portion  of  the  black- 
est of  the  dark  bands,  with  the  adjoining  space,  from 
which  the  light  of  one  of  the  mirrors  is  intercepted 
by  the  screen,  and  thus  satisfy  ourselves  that  it  is 
much  more  illuminated  than  the  middle  part  of  each 
oi'  them,  where,  however,  the  M'hole  rays  reflected 
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[liy  the  two  mirrors,  come.     Hence,  these  rays  are 
leutraHzed  in   that  place,   by  virtue  of  a  certain 

[action  which  they  exercise  on  each  other. 

If  we  calculate  tiie  relative  distances,  from  the 

hole  in  the  screen,  to  the  ditferent  bands,  or  tlie  dif- 
Ferences  of  the  routes  percurred  by  the  rays  which 
to  the  production  of  each  of  the  obscure  and 

ibrilliant  bands,  we  find,  in  the  first  place,  that  the 
middle  of  the  brilliant  band,    which  occupies  the 

[centre,  corresponds  to  equal  lengths  of  route. 
Calling  di  the  difTercncc  of  the  patlis  percurred  by 
the  rays  which  unite  in  the  middle  of  the  nextbril- 

[Jiant  band,  either  on  the  right  hand  or  the  left,  then 

Ithe  middles  of  the  other  brilliant  bands  correspond 

[to  differences  of  routes,  equal  to  2  rf,  3 «/,  4  rf,  5  d, 
dj  &c   whilst  the  middles  of  the  obscure  bauds, 

^from  the  most  remote  to  those  which  accompany 
tlie  central  brilliant  band,  correspond  successively 
to  differences  of  paths  percurred,  equal  to  i  d, 
df  i  dg  I  d^  &c.  The  distances  between  these 
bands  may  be  measured  exactly  by  a  micrometer 
microscope,  such  as  is  employed  for  reading  off,  and 
subdividing  the  graduated  limb  of  an  astronomical 
quadrant  or  circle. 

It  tlierefore  results  from  these  data  that  tlie 
union  of  rays  from  tlie  two  mirrors,  produces  the 
maximum  of  light,  only  when  the  differences  of 
the  paths  that  they  have  percurred  is  equal  to  0  rf, 
2df  3dy^dy  5  dj  &c. ;  and  on  the  contiary,  they 
are  mutually  neutralized  so  as  lo  came  darkness^ 
when  that  difference  is  cqu;d  to  i  rf,  J  tf,  a  d^ 
I  d^    I   df  y  d,   Set.      Such   is   the    general   law 
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of  tlie  periodical  influences  which  the  luminous  rays 
exercise  on  each  otlier.* 

When  the  two  luminous  beams  have  the  same 
intensity,  as  in  the  experiment  just  described,  the 

•  When  two  tonoroui  undulations  of  air,  or  aerial  waves  of  sound, 
differ  but  little  tu  rre<]ucncy,  they  tend  alternately  to  destroy^  and  to 
augment  each  other's  force,  in  a  double  or  even  quadruple  d^ree,.so  that 
the  sound  gradually  increases  and  tiiminishes  at  equid  intervals,  in  con- 
tinued succession.  This  intension  and  remission  conRtitutes  a  Ara/,  It 
aflbrds  a  very  accurate  mode  of  determining  the  proportional  frequency 
of  the  vibrations,  when  the  absolute  number  of  one  of  them  in  a  second 
u  given  ;  or  the  absolute  number  of  both,  when  the  proportion  between 
the  two  is  known ;  because  the  beats  ore  usually  slow  enough  to  be 
counted,  though  the  vibrations  themselves,  separately,  can  never  be  dls- 
tingui:^hed.  Thus  if  one  sound  consisted  of  100  vibrations  in  a  second, 
and  produced  vnth  another  acuter  sound,  a  single  bc3t  in  cvei^'  second, 
it  is  obvious  that  the  second  sound  must  consist  of  101  vibrations  in  a 
second.  Two  portions  of  a  similar  chord  equally  stretched,  or  two 
simple  pipes,  of  which  the  lengths  arc  respectively  15,  and  16,  will  pro* 
duce  a  heat  in  15  vibrations  of  the  longer  one;  and  if  we  count  the 
number  of  beats  in  15  seconds,  we  shall  know  the  ntinilwr  of  vibrations 
in  one.  The  easiest  way  in  practice,  of  procuring  two  such  strings  or 
pi|>e3,  is  to  tune  them  by  a  third  one,  so  that  they  umy  be  respectively 
4-5ths  and  ^Mths  of  its  length ;  the  vibrations  of  the  third  pipe  in  a 
second  of  time,  will  also  be  equal  to  the  number  of  beats  of  the  first 
two  io  12  seconds,  (a) 
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The  uppermost  and  lowermost  curves  represent  a  series  of  viliratioDS, 
of  which  1?  occupy  any  given  period  of  time,  the  third  and  sixth  lines, 
are  two  scries  of  which  15  and  10  occupy  respectively  the  same  time: 
ilic  joint  etl'ect  of  eaclt  pair  is  shown  by  the  dotted  etudes  which  are 
interposed  between  them,  the  middle  one  representing  tlic  effect  deno- 
minirted  a  beat  in  musical  sound,  analogous  to  the  dark  band  in  light. 
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middle  of  the  obscure  bands  presents  a  total  absence 
qfliffht;  at  least  if  tlie  ligbt  be  sufficiently  homo- 
geneous or  simple;  but  as  this  is  seldom  perfectly 
the  case,  it  happens  that  tliis  inequality  of  lustre 
between  the  brilliant  and  dark  bands,  which  is.  so 
prominent  in  the  rtist  fringes,  diminishes  gradually 
as  we  recede  from  the  centre,  and  at  a  certain 
distance  from  it  becomes  insensible.  The  reason 
of  this  is  very  obvious,  for  the  light  employed, 
howc\'er  simplified  it  may  be,  either  by  previous 
decomposition  with  a  prism,  or  by  transmission 
tlirough  a  coloured  glass,  is  still  composed,  to  a 
certain  degree,  of  heterogeneous  rays,  whose  colour 
ftnd  other  physical  properties  arc  very  little  differ- 
ent, but  in  which,  however,  the  intenal  d  has  not 
exactly  the  same  value  or  lengtli.  Hence  it  results 
that  the  brilliant  and  obscure  bands, ofwhich«/  deter- 
mines the  position,  are  not  separated  by  the  same 
intervals.  In  fact,  the  breadths  of  the  fringes  pro- 
duced by  the  heterogeneous  rays  differ  so  much  the 
less,  as  the  bght  employed  approaches  more  nearly 
to  perfect  homogeneity ;  but  however  small  this 
difference  is,  we  may  conceive  that  being  re]>oated 
a  great  immber  of  times,  it  will  eventually  produce 
in  the  position  of  the  fringes  such  a  difference,  that 
the  brilliant  bands  of  one  species  of  rays  will  coin- 
cide with  the  dark  bands  of  another,  so  that,  at  a 
Kutticient  distance  from  the  central  line,  (which 
corresponds  to  equal  paths,)  tlie  dark  and  brilliant 
bands  of  the  different  kinds  of  rays  of  light 
employed,  will  mutually  efface  each  otlier  by  theii- 
mixture,  and  present  an  uniform  tint 
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The  more  simplifietl  the  light  has  previously  been, 
the  more  remote  from  the  centre  is  the  point  where 
this  perfect  compensation  takes  place,  and  of  conse- 
quence, the  more  numerous  are  the  fringes.  When 
we  employ  white  light,  which  is  the  most  compound, 
the  number  of  visible  fringes  is  also  the  smallest 
possible,  so  that  scarcely  more  than  seven  of  them, 
can  be  distinguishetl  on  each  side  of  the  centre. 

They  exhibit  the  tints  of  coloiu"ed  rings,  the 
reason  of  which  colours  is  absolutely  the  same.  If 
the  length  d  were  the  same  tor  the  rays  of  the  dif- 
ferent colours,  then  the  breadth  of  their  fringes, 
(that  is  the  interval  between  the  middles  of  twocon- 
secutive  brilliant  or  obscure  bands,)  being  also  thi* 
same,  there  would  be  a  j)erfect  coincidence  both  of 
their  darkest  and  their  brightest  points ;  and  tlie 
different  rays  which  compose  white  light  being  pre- 
sent ever}'  where  in  like  proj)ortions,  would  produce 
a  scries  of  black  and  white  bands,  containing  no 
trace  of  coloration.  But  this  is  by  no  means  the 
case.  Since  tlie  breadth  d  varies  greatly  for  the  dif- 
ferently coloured  rays,  indeed  almost  in  thepropor- 
tion  of  one  to  two,  from  one  extremity  of  the  solar 
spectrum  to  the  other,  the  bre-adth  of  their  fringes 
varies  in  the  same  ratio,  so  that  tiieir  obscure  and 
brilliant  bands  can  no  longer  fall  on  each  other,  but 
differ  in  position  according  to  their  distance  from 
the  middle  line.  Hence  it  must  happen  that  the 
brilliant  band  of  rays  belonging  to  a  certain  colour, 
will  correspond  to  the  obscure  band  of  rays  of 
another  colour,  whence  proceeds  the  predominance 
of  the  first,  and  the  exclusion  of  the  second.     Thus 
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tlie  fiinges  will  present  a  succession  of  tints,  vary- 
ing in  the  ratio  of  the  unequal  projjortions,  in  which 
ai'e  intermixed  the  different  rays  that  compose 
white  light. 

The  middle  line  of  the  central  band  is  always 
white,  beciuise  as  it  corresponds  to  a  difiereuce  of 
paths  equal  to  zero  (o),  it  is  at  the  maximum  of 
brightness  for  every  species  of  rays,  whatever  be 
the  length  of  rf.  On  each  side  of  this  white  band, 
the  light  becomes  gradually  coloured.  The  colours 
are  very  vivid  at  the  second  fringe,  as  well  as  up  to 
the  third  and  fourth,  but  afterwards  they  become 
j^Bbeble,  liisappearing  altogether  about  the  eighth, 
^m  consequence  of  the  complete  mixture  of  the  dark 
^Blnd  brilliant  bands  oi'  all  the  colours,  which  natur- 
^plly  produces  an  uniform  white  tint. 

We  shall  now  endeavour  to  show  the  cause  of 
ese  curious  phenomena.     Every  one  may  remark 
n  throwing  stones  into  a  tranquil  pool,  that  where 
o  series  of  waves  cross  on  its  surface,  there  are 
oints  of  meeting,  where  the  water  remains  motion- 
ss,  namely,  when  the  two  systems  of  waves  have 
cry  nearly  the  same  force  ;  while  there  are  other 
oints,  where  the  waves  are  enlarged  by  their  imion. 
t  is  not  difficult  to  assign  the  cause  of  this.     The 
dulatory  movement  of  the  sQrface  of  the  water, 
insists  of  vertical  motions,  whicli  alternately  raise 
d    depress  tlie  liquid  particles.     Now,    by  the 
ere  effect  of  the  crossing  of  the  waves,  it  happens 
at  in  certain  points  of  meeting,  one  of  the  two 
ves  carries  with    it  an   ascensional  niovement, 
t  the  other  tends  at  the  same  instimt  to  lower 
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the  surface  of  the  liquid.  When  the  two  inipulBions 
are  equal,  the  liquid  can  obey  neither  the  one  nor 
the  other,  and  must  remain  in  repose.  On  the 
contrary,  however,  in  the  pomts  of  meeting  where 
the  movements  conspire,  wliere  they  are  in  constant 
accordance,  the  liquid  moved  in  the  same  direction  by 
tlie  two  waves,  rises  or  falls  witl)  a  velocity  equal  to 
the  sum  of  the  two  impulsions  which  it  has  received^ 
or  to  the  double  of  one  of  them,  when  tlie  two  waves 
are  supposed  to  be  of  equal  intensity.  Between 
tliese  two  ])oints  of  perfect  accordance  and  com- 
plete opposition,  which  present,  on  the  one  liand^ 
the  maximum  of  the  oscillation  of  the  liquid,  and 
the  total  absence  of  movement,  there  is  an  infinity 
of  other  intemiediate  points,  where  the  undulatory* 
equilibrium  is  effected  with  more  or  less  precision, 
in  proportion  us  they  approach  more  nearly  to  a  ^H 
perfect  accordance,  or  to  a  complete  opposition  ™ 
between  the  two  movements  wliicli  meet  togetlier 
in  that  place. 

The  waves  propagated  in  the  interior  of  an  elastic 
fluid,  altliough  very  tliffercnt  in  their  nature,  from 
tlie  liquid  waves  just  described,  produce  mecliani-* 
cal  results,  quite  analogous  in  their  interJerenceSj* 
whenever  they  communicate  oscillatory  movements 
to  tlie  particles  of  the  fluid.  In  facv,  these  move- 
ments need  oidy  be  oscillatory,  or  carrj'  the  particle$ 
alternately  to  and  fro,  in  order  that  one  series  of 
waves  be  destroyed  by  anotlier  series  of  like  inten- 
sity i  for  whenever  the  difference  of  route  between 
the  two  groupes  of  waves  shall  be  such  for  each 
point  of  the  fluid,  that  tiie  movements  of  tlic  first 
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in  the  one  direction,  or  forwards,  shall  correspond 
with  the  movements  of  the  second  in  die  opposite 
direction,  or  backwards,  tliey  will  become  mutually 
neutralised,  provided'  they  are  of  equal  intensity, 
and  the  molecule  of  the  ethereous  fluid  Avill  con- 
tinue in  repose.  This  result  always  takes  place, 
whatever  in  other  respects  may  be  the  direction  of 
the  oscillatory  movement,  in  reference  to  the  direc- 
tion in  which  the  waves  are  propagated,  provided 
tliat  it  be  equal  in  the  two  systems  of  waves.  Thus, 
for  example,  in  the  undulations  which  are  fonned 
on  the  surface  of  a  liquid,  the  oscillation  is  vertical, 
while  the  waves  are  propai^ated  horizontally,  and 
of  consequence,  in  a  direction  perpendicular  to  the 
first  In  the  waves  of  sound  or  light,  on  the  con- 
trary, the  oscillatory  movement  is  parallel  to  the 
direction  of  tlie  propagation.  And  these  waves, 
like  the  liquid  ones,  are  subject  to  the  above  stated 
law  of  interference. 

We  have  described  in  a  general  manner  the  waves 
which  may  be  formed  in  the  interior  of  a  fluid  mass. 
To  acquire  a  precise  idea  of  their  mode  of  propaga- 
tion, we  must  consider,  that  when  the  fluid  has 
every  way  the  same  density  and  tlie  same  elasti- 
city, tlie  vibration  produced  in  one  point,  must  be 
propagated  on  all  sides  with  the  same  velocity'  ;  for 
this  velocity  of  propagation  (which  must  not  be 
confounded  with  the  absolute  progressive  velocity 
of  the  molecules)  depends  entirely  on  the  density 
and  elasticity  of  the  fluid.  It  thence  follows  that 
all  the  points  that  have  been  made  to  vibrate  at  the 

le  instant,  will  he  distributed  over  a  spherical 
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surface,  having  fur  its  ceatre  the  oripin  of  tlie  dis- 
turbance. Thus  these  Maves  arc  spherical,  whilst 
those  observed  at  the  surface  of  a  liquid  are  simply 
circular. 

The  straight  lines  drawn  from  tlie  vibration  to 
the  different  points  of  tliis  spherical  siulace  are 
popularly  called  rays.  These  denote  merely  the 
directions  in  which  the  movement  is  propagated; 
This  is  what  is  meant  botli  by  sonorous  rays  or  rays 
of  sound  in  acoustics  ;  and  by  Imninous  rays^  in  the 
system  which  ascribes  the  production  of  light  to  tli 
vibrations  of  an  universal  fluid,  styled  ether. 

The  nature  oi'  tlie  ditterent  elementary  mov 
ments  of  which  each  wave  is  composed,  depends 
the  nature  of  tlie  different  mo\ements  wliich  c 
pose  the  primary  Wbration.  The  most  simpl 
hN'potht^sis  we  can  make  concerning  tlie  fbrmatioit 
ofhuninuus  waves,  is  tliat  the  small  oscillations  of 
the  particles  of  bodies  which  produce  them,  are 
analogous  to  those  of  a  penduhmi,  slightly  removed 
from  its  point  of  repose  ;  for  we  are  to  ctinceive 
particles  oi'  boilies,  not  as  immoveably  tbceil  in 
positions  wliich  they  occup),  but  as  suspend 
between  force*  which  nuitualiy  balance  each  other 
m  all  directions.  Now,  whatever  be  the  nature  of 
the  eqnal  forces,  which  maintain  the  particles  in 
tins  sittiation,  so  long  as  tiiese  particles  are  removed 
from  their  position  of  equilibriimi,  oidy  by  a  verj' 
small  quantity,  relative  to  the  sphere  of  acti\ity  of 
these  forces,  the  accelerative  power  which  tends  to 
bring  tliem  back  to  it,  and  which  thereby  makes 
them  oscillate  backwards  and  forwiuds  fronj  the 
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point  of  equilibrium,  may  be  regarded  as  sensibly 

►roportional  to  the  recession.     This  phenomenon 

'fiills  precisely  under  the  law  of  the  minute  oscilla- 

^tions  of  the  pcnduhmi,  and  in  general  of  all  kindd 

►f  small  oscillations. 

Let  us  imap:ine,  himg  up  in  the  elastic  fluid,  a 

ittle  solid  plane,  which  having  been  removed  from 

tits  primitive  position  ia  brought  back  to  it,  by  a 

Force  proportional  to  the  displacement.     At  the 

beginning  of  its  movement,  the  accelerative  force 

!an  impress  upon  it  only  an  inrinitelj'  small  velo- 

ity ;  but  its  action  continuing,  the  effects  accumu* 

ife,  and  the  velocity  of  the  solid  plane  progressively 

tcreascs,  till  the  moment  of  its  arrival  at  the  posi- 

ion  of  equilibrium,  where  it  would  remain  were  it 

lot  for  its  acquired  velocity  ;  but  in  virtue  of  thig 

velocity,  it  goes  beyond  the  point  of  equilibrium. 

'he  same  force  which  tends  to  recall  it,  and  which 

low  ac*ts  in  a  direction  contrary  to  the  acquired 

lovement,  diminishes  continually  the  velocity  till 

be  reduced  to  zero.     Its  elastic  power  continuing 

act  produces  a  velocity  in  a  contraiy  direction, 

hich  restores  the  particle  to  its  position  of  equili- 

irtum.     This  velocity  nearly  null  at  the  beginning 

the  retnni,  grows  greater  by  the  same  degrees 

it  had  diniinishetl,  till  the  instant  when  the  par- 

icle  arrives  at  the  point  of  equilibrium,  which  it 

wses  in  consequence  o^'  the  movement  acquired. 

>n  departing,  however,  from  this  point,  the  move- 

lent  diminishes  incessantly  by  the  ertcct  of  the 

irce  which  tends  to  restore  the  particle  to  it ;  and 

Til  velocity  is  once  more  reduced  to  zero,  as  soon 
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as  it  readies  its  point  of  departure.  It  then  recom- 
mences, with  the  same  stages,  the  movements  just 
described,  and  would  thus  continue  to  oscillate 
indefinitely  Hke  a  penduhmi,  but  tor  the  resistance 
of  the  surrounding  Huid,  whose  inertia  progressively 
lessens  the  amplitude  of  its  oscillations,  and  eventu- 
ally extinguishes  them  altogether,  at  the  expiration 
of  a  longer  or  a  shorter  time. 

To  fix  our  ideas,  let  us  assume  the  instant  wlieii 
the  solid  plane  has  returned  to  its  point  of  depar- 
ture, after  having  executed  two  oscillations  in 
opposite  directions.  Then  the  velocity  which  it 
had  at  the  first  moment,  and  which  was  sensibly 
luill,  is  at  the  instant  under  consideration,  trans- 
mitted to  a  section  of  the  fluid  distant  from  the 
centre  of  disturbance,  by  a  quantity  which  we  shall 
represent  by  d.  Immediately,  thereafter,  the  velo- 
city of  tlie  solid  plane,  which  has  augmented  a 
little,  is  communicated  to  the  section  in  contact ; 
from  this,  it  passes  successively  througli  all  the 
following  sections,  and  at  the  moment  wlien  the 
first  disturbance  arrives  at  the  section  situated  at 
the  distance  rf,  tlie  second  arrives  at  the  inuuediately 
preceding  section.  Continuing  thus  to  divide  men- 
tally, tlie  duration  of  tlic  two  oscillations  of  tlie  solid 
plane,  into  an  infinity  of  small  intervals  of  time, 
and  the  fluid  comprised  in  the  length  rf,  into  a  like 
number  of  corresponding  sections  infinitely  thin,  it 
is  easy  to  see,  by  the  same  reasoning,  that  the  dif- 
ferent velocities  of  the  moveable  plane  at  each  of 
these  instants  is  now  distributed  in  the  correspond- 
ing sections;  and  that  thus,  for  example,  the  veto* 
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city  with  which  the  soliti  plane  was  animated  in  the 
iddle  of  the  first  oscillation,  (equal  to  i  rf  from 
e  startin*r  jmint,)  must  have  arrived  at  the  instant 
inder  consideration  at  the    distance  J   rf.       It  is 
herefore  the  stratum  phiced  at  this  distance,  whicJi 
now  actuated  with  the  maximum  of  velocity  in 
vance.      In  like  manner   when    the  plane   ha.s 
arrived  at  the  limit  of  its  first  oscillation,  its  velo- 
ity  was  null,  and  this  ahsence   of  motion    must 
coexist  in  the  section  situated  at  tiie  distance  i  d, 
being  the  whole  breadth  of  the  waves  percurred 
during  a  forward  and  backward  oscillation  of  the 
bove  imaginary  plane.     By  its  second  oscillation, 
e  plane  retracing  its  steps,  must  give  to  the  sec- 
tion of  fluid  in   contact,  and  successively  to  tlie 
ers,  movements  contrary  to  those  of  the  first 
cillation  ;  for  when  the  plane  retires,  the  section 
contact  pressed  against  this  plane  by  tlie  elasti- 
ty  or  the  expansive  force  of  the  fluid,  necessarily 
Uows  it,  and  fills  up  the  void  which  its  retrograde 
otion  tends  to  produce.     For  the  same  reason, 
e  succeeding  section,  is  drawn  towards  the  first, 
e  tliird  towards  the  second,  and  thus  in  succes- 
:on.     This  is  the  manner  in  which  the  retrograde 
ovement  is  communicated  from  point  to  point, 
ill  it  reaches  the  most  distant  sections.     Its  propa- 
tion  takes  place  according  to  the  same  law,  as 
lat  of  the  forward  movement.    There  is  no  differ- 
ce  except  in  tlie  direction,  or  in  mathematical 
guage,  in  the  sign  of  the  velocities  which  they 
impress  on  the  molecules  of  theHuid.     The  extent 
of  fluid,  moved  by   two  oscillations  of  the  solid 
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plane  in  opposite  tUrcctions,  has  been  calicil  an 
entire  utidulaiion,  and  to  each  of  its  halves  excit 
by  these  opposite  oscillations,  the  name  of  $emi^ 
undulation  has  been  ^ivcn;  of  which  the  whole  ma 
be  styleil  a  complete  oscillation^  since  it  conipris 
the  return  of  the  \'ibrating  plane  to  tlie  point 
departure.     We  see  that  the  two  demi-undulationft 
which  compose  tlie  complete  nndulation,  present 
in  tlic  fluid  sections  which  they  embrace,  velocities 
absolutely  equal  as  to  magnitude,  but  which  are 
tontiury  Rigns,  that  is  to  say,  which  carry  the  mole 
cules  of  the  fluitl  in  o])posite  directions,     Th 
velocities   are   at   tlieir   maximum   in   the  middl 
of  each   of  these   semi-undulations,  and   decrcaw^ 
gradually  to  tlieir  extremities,  where  they  fall  ti> 
zero.     Tlius  the  points  of  repose  and  of  *7reate8t 
positive  or  nenfative  velocity,  are  separated  by  inter'» 
vals  of  a  quarter  undulation. 

The  leufTth  d  of  an  undulation  depends  on  twp 

things:    1.  On  the  promptitude  with  which  tlie 

tnoveme!it  is  propagated  in  the  fluid  ;    3.  On  tJ^ 

time  of  the  complete  oscillation  of  tlie  vibrating 

lane  ;  for  tlie  longer  its  din-ation,  and  the  more 

rapid  the  propagation  of  the  moti<ui,  the  i\ 

will  tlie  first  disturbance  extend  from  the  solid 

^^lane  at  the  moment  when  this  returns  to  its  point 

»f  departure.     If  the  undulations  are  perfonncil  in 

lie  same  meiiium,  the  promptitude  of  the  proi)aga- 

ion  remaining  the  same,  the  length  of  the  undiila^ 

ions  will  be  proportional  to  the  time  ol*  the  Ortcilla- 

ions  of  the  vibrating  particles*  that  give  them  birtli. 

'bile  the  vibrating  particles  continue  subject 
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tlie  same  i'orces,  the  laws  of  mechanics  demonstrate 

Itliat  eacli  of  their  small  oscilktions  has  always  the 

ime   duration,  whatever  may  be  its  amplitude^ 

Thus  the  coiTespondent  oscillations  will   have  in 

Ithis  case,  the  same  length ;  they  will  differ  merely 

[by  the  theater  or  less  energy  of  the  oscillation*  of 

-the  tluitl  sections^  whose  amplitude  will  be  propor- 

;tional  to  that  of  tlie  osciJIations  of  the  illuminating 

iparticles ;  lor  we  see,  from  what  has  been  stated, 

[^lat  each  section  of  the  fluid  repeats  all  the  move- 

lents  of  the  vibrating  molecule.     The  greater  or 

'less  amplitude  of  the  oscillations  of  the  sections  of 

the  fluid,  determines  the  degree  of  absolute  velocity 

ith  which  they   move,  and  of  consequence  the 

\energt/,  but  not  the  nature  of  tlic  sensation,  which 

lust  depend,  according  to  every  analogy,  on  the 

i/rme  of  these  oscillations.    It  is  thus  that  the  nature 

of  the  sounds  which  the  air  transmits  to  our  ear 

^depends  solely  on  the  time  of  each  oi'  the  oscilla- 

ions  pertbnned  by  the  air,  or  by  the  sonorous 

ly,  which   sets  it  a   vibrating  5  and   that   tlie 

[greater  or  less  amplitude,  or  energy  of  these  oscil- 

ioiui,  does  nothing  more  than  augment  or  dimi- 

the  intensity  of  tlie  sound,  without  changing  its 

lattire,  namely,  its  pitch  or  tone. 

The  intensity  of  light,  therefore,  will  depend  on 

le  intensity  of  the  \nbrations  of  the  ether  ;  and  itji 

filature,  tliatis  to  say,  the  sensation  of  colour  which 

it  produces,  will  depend  on  the  duration  of  each 

'oscillation,  or  on  tlie  length  of  the  undulation,  since 

the  one  is  proportional  to  the  other. 

On  this  principle,  the   intensity  of  light  must 
decrease  in  the  ratio  of  the  square  of  the  distance 
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from  the  luminous  point.     A  regular  aiul  uninter 
rupted  series  of  luminous  undulations,  is  called  a 
system  of  tmdidations. 

The  length  of  rf,  or  one  undulation,  for  red  light, 
is  one  forty  thousandth  of  an  inch  ;  and  for  violet 
light,  about  one  sixty-four  thousandtli ;  and  pro- 
portionally for  the  intermediate  coloui's.  From  the 
prodigious  rapidity  of  the  luminous  vibrations,  it  is 
natural  to  suppose,  that  the  illuminating  particles 
may  execute  a  very  great  number  of  regular  oscil- 
lations in  each  of  the  different  mechanical  circum- 
stances,  in  which  they  are  placed,  during  the  com- 
bustion or  incandescence  of  the  luminous  body, 
although  these  variable  circumstances  succeed  each 
other  undoubtedly  with  an  extreme  promjititude. 
The  millionth  part  of  a  second  is  sufficient  for  the 
production  of  ^k'i  thousaml  imdulations  of  the  yel- 
low light.  Hence  the  mechanical  perturbations  ^ 
which  derange  the  regidar  succession  of  the  vibra-'f 
tions  of  the  iilimiinating  particles,  or  even  change 
their  nature,  n»iglit  be  repeated  at  each  thousandth 
of  a  second,  as  it  could  still  perform  in  the  inter\'als  ^ 
more  than  5()0  millions  of  regular  and  consecutive  ^B 
undulations.  This  observation  serves  to  determine 
the  circumstances  in  which  the  interferences  of  the 
luminous  waves  can  or  cannot  exhibit  sensible 
effects  to  our  eyes. 

We  have  seen  that  every  wave  produced  by  an 
oscillatory  movement,  was  composed  of  two  semi- 
undulations,  which  impressed  on  die  molecules  of  a 
the  rtuid,  velocities  absolutely  equal  as  to  intensity,  " 
but  opposite  as  to  the  sign  or  direction  of  the  move- 
ment.    I-^t  us  sup(>ose,  first  of  all,  that  two  entire 
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^aves,  moving  ^^^th  the  same  sign,  and  in  the  same 
•ection,  differ  by  a  semi-undulation  in  their  march. 
*hey  will  now  apply  to  each  other  only  over  the 
talf  of  their  lentjth,  or  half  the  interxal  between  the 
irst  and  last  point   of  the  fluid    set    in    motion. 
'here  will  be  an   interference  only  between   the 
lecond  half  of  the  wave  furthest  in  advance,  and 
le  first  half  of  the  other.     If  these  two  half  waves 
Lre  of  equal  intensity,  as  they  bring  to  the   same 
lijitsof  the  ether,  directly oppasite  impulsions,  they 
[*rill  be  mutually  neutralised,  and  the  movement 
.will  be  destroyed  throughout  this  portion  of  the 
liud  ;  but  the  movement  will  subsist  without  altera- 
ion   in    the  two  other  semi- undulations.     Hence, 
►nly  one  lialf  of  the  movement  will  be  destroyed. 
Let  us  now  suppose  that  every  one  of  these  two 
>aves  which  differ  in  their  route  by  a  senii-undula- 
ion,  is  preceded  and  followed  by  a  great  number 
kuf  other  similar  waves ;  then  instead  of  the  inter- 
ference of  two  insulated  waves,  we  shall  have  to 
►nsider  the  interference  of  two  systems  of  waves. 
[Suppose  them  equal,  both  in  the  number  of  waves 
jitliatthey  contain,  and  in  their  intensity.     Since,  by 
fhypothesis,  they  differ  by  a  semi-undulation  in  their 
>ace»  the   half  waves  of  the  one  which  tend  to 
ipropel  the  molecules  of  the  ether  forwMrds,  coincide 
with   the  half   waves   of  the  other  which  tciul  to 
iropel  them  backwards,  and  they  are  in  equilibrium 
if  force.     Hence  the  movement  will  be  destroyed 
tlirough  the  whole  extent  of  the  two  systems  of 
waves,  excepting  tlie  two  extreme  half  waves,  which 
escape  from  the  interference.     But  as  these  form  a 
very  smallportionof  tlie  systems  of  waves  we  per-= 
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ceive  tliat  almost  the  whole  of  the  movement  must 
be  annihilated. 

It  is  extremely  probable  that  the  single  impulse 
of  a  luminous  semi-undulation,  or  even  of  an  entire 
undulation,  is  not  sufficient  to  irritate  tiie  fibres  of 
the  optic  nerves,  just  as  a  single  sonorous  wave 
cannot  put  in  vibration  the  bodies  which  miglit 
vibrate  to  its  unison.  It  is  the  succession  of  these 
waves,  which,  by  the  continual  addition  of  their 
minute  partial  eflects,  causes  tlie  sonorous  body 
finally  to  oscillate  in  a  perceptible  manner,  just  as 
the  regular  succession  of  veiy  inconsiderable  im- 
pulses eventually  sets  the  heaviest  bell  a  vibrating. 
On  applying  to  vision  this  admitted  principle,  which 
is  most  natural,  and  most  conformable  to  every 
analogy,  we  see  that  the  two  residuary  half  waves 
mentioned  above  c-annot  affect  the  retina  in  a  sen- 
sible manner,  and  that  the  combination  of  these 
two  systems  of  luminous  waves,  must  therefore 
realise  the  state  of  complete  darkness. 

If  we  retard,  by  a  semi-undulation,  the  one  sys- 
tem of  waves,  wliich  is  already  that  quantity  ijj 
arrear,  the  difference  of  pace  being  thus  an  entire 
undulation,  the  coincidence  between  the  move- 
ments of  the  two  groupes  of  waves  will  be  restored, 
and  the  velocities  of  oscillation  will  become  addi- 
tive throughout  all  the  points  of  their  mutual  super- 
pOHition.  The  intensity  of  the  light  is  now  at  its 
maxinmm,  or  is  doubled. 

If  we  still  retard  by  a  semi-undulation  the  same 
system  of  waves,  the  difference  of  route  being  now 
an  uiidulution  and  a  half,  we  perceive  that  the 
super-position  takes  place  between  the  half  waves 
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of  liie  two  systems  which  occasion  contrary"  move- 
mentSy  as  in  the  first  predicament,  and  that,  conse<' 
quently,  all  tlie  waves  of  which  they  are  composed 
must  mutually  neutralise  each  other,  except  the 
three  half  waves  of  each  extremity,  which  escape 
from  tlie  interference.  Thus  almost  the  whole  of 
tile  movement  is  still  destroyed,  and  the  union  of 
the  two  beams  of  light  must  produce  darkness,  as 
in  tlie  tirst  case. 

By  continuing  to  augment  in  succession,  and  by 
a  semi-uudulatiou  at  a  time,  the  diiJerence  of  murcii 
between  the  two  systems  of  waves,  we  shall  have 
alternately  complete  obscurity,  and  complete  hght 
carried  to  its  maximum,  accoriUng  as  the  diflerence 
of  pace  shall  be  an  even  or  an  odd  number  of  semi- 
oscillatious.  Such  are  the  consequences  of  the  prin- 
ciple of  the  interference  of  waves,  which  accord 
periectly  as  we  see  with  tlie  law  of  the  mutual  inHu- 
ence  of  the  luminous  rays  deduced  from  experi- 
ment j  for  the  enunciation  becomes  absolutely  the 
same,  in  ailling  length  i)f  undulat'toii  the  iliHerence 
of  patii  percurred,  a  quantity  wliich  we  have  repre- 
sented by  d.  Thus  in  admitting,  as  every  thing 
leads  us  to  conclude,  that  hght  consists  in  the  vibra- 
Uons  of  a  subtile  Huid,  the  period  d^  after  which 
the  Siune  ert'ects  of  interference  are  rej)cated,  will 
be  the  length  of  an  undulation. 

The  phenomenon  of  coloured  rings,  and  tliat  of 
tlie  colours  which  polarised  light  developes  in  crys- 
tallised plates,  present  a  particular  case  of  inter- 
ierence,  in  which  the  waves  of  the  two  systems  are 
parallel,  and  the  dark  bands  arc  black.  But,  in 
the  phenomena  oi  dit&action,  and  in  the  experiment 
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of  the  two  mirrors  above  described,  the  rays  which 
interfere  form  always  sensiblct  though  very  small 
angles  with  each  other.  In  that  case,  the  impulsions 
applied  to  the  same  points  of  the  ether,  by  the  two 
systems  of  waves,  also  cross  under  sensible  angles ; 
but  on  account  of  the  smallness  of  these  angles,  the 
resultant  of  the  two  impulsions  is  almost  exactly 
equal  to  their  sum,  when  thu  impulsions  act  towards 
the  same  quarter  j  and  equal  to  their  difi'erence 
when  they  act  towards  opposite  quarters.  Hence, 
in  the  points  of  accordance  or  discordance,  the 
intensity  of  the  light  will  be  the  same  as  if  the  two 
luminous  beams  had  followed  the  same  ihrection ; 
for  the  roost  expert  eye  cannot  perceive  any  differ- 
ence. But  if  in  reference  to  the  intensities,  the 
case  of  interference  under  review,  resembles  that 
first  considered;  in  otiier  respects  it  differs  much 
from  it,  especially  by  the  aspect  which  it  presents, 
and  by  the  circumstances  necessary  to  its  production. 

The  Figiu'e  re- 
F  presents  a  section 
of  the  two  mirrors, 
and  of  tlie  reflected 
waves,  formed  by 
aplane, drawn  from 
the  luminous  point 
perpendicularly  to 
these  mirrors,  pro- 
jected in  E  D  and 
DF.  The  lumi- 
nous point  is  in  S, 
and  A  and  B  repre- 
sent ihe  geoujetri- 
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positions  of  its  two  images.  It  is  towards  A 
and  B,  that  the  rays  reflected  from  the  first  and 
[Second  mirror  are  converged,  according  to  the  well 
known  law  of  optics,  that  the  angle  of  reflection  is 
equal  to  the  angle  of  incidence.  To  represent  the 
two  systems  of  reflected  waves,  we  have  described 
from  tlie  points  A  and  B,  as  centres,  two  series  of 
equi-distant  arcs  separated  from  each  other,  by  an 
interval  supposed  to  exhibit  the  length  of  a  semi- 
undulation.  For  distinguishing  the  movements  in 
contrary  directions,  we  have  traced  in  full  lines,  all 
the  arcs  of  circles  on  which  the  ethereal  particles 
are  supposed  to  be  impressed  with  the  maximum  of 
(Velocity  in  advance,  at  the  instant  under  considera- 
and  we  have  dotted  the  lines  on  which  the 
ethereal  particles  have  the  maximum  velocity  of 
retrocession.  It  follows,  that  tlie  intersections  of  the 
circular  dotted  arcs  with  those  in  lull  lines,  are  the 
points  of  complete  discordance,  and  consequently 
the  middle  line  of  the  dark  bands  ;  and  on  the 
contrary,  the  intersections  of  the  similar  arcs  give 
the  points  of  perfect  accordance.  The  crossings 
represent  tlie  successive  positions  or  tlie  trajec- 
tories of  the  middle  of  the  obscure  bands ;  and 
the  trajectories  of  the  middle  of  the  brilliant 
.bands. 

We  have  been  obliged  to  enlarge  excessively,  in 
tlie  figure,  the  real  length  of  the  luminous  waves, 
or  distance  between  them,  and  to  exaggerate  the 
respective  inclination  of  the  two  mirrors*  Hence, 
we  must  not  expect  to  find  in  it,  an  exact  image  of 
things,  but  only  the  means  of  representing  to  our 
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eye  the  interferences  among  the  waves,  which 
tinder  a  sensible  angle* 

It  is  obvious,  from  the  simplest  geometrical  con 
^derations,  that  the  breadth  of  these  fringes  or 
luminous  waves  is  in  the  inverse  ratio  of  the  mag- 
nitude of  the  angle,  formed  by  the  two  interfering 
'beams,  and  that  the  interval  comprised  between  the 
middle  of  two  consecutive  obscure,  or  brilliant 
bands,  is  equal  to  the  length  of  an  luululation,  di 
divided  by  the  sine  of  the  angle  under  which  tha 
rays  cross.  i 

The  mere  inspection  of  the  figure  shows  why  It 
IS  necessary,  that  the  two  mirrors  shotdd  be  almost 
in  the  same  plane,  when  we  wish  to  obtain  fringes 
of  a  somewhat  perceptible  breadth.  In  the  small 
triangle  b  n  /,  the  side  b  /,  which  represents  the  length 
of  a  semi-undulation,  being  almost  one  fifty  thou- 
sandth of  an  inch  for  the  yellow  rays,  the  side  bn  _ 
^%hich  measures  the  half  breadth  of  a  fringe,  \ 
becomes  more  perceptible,  in  proportion  as  6  n  has 
a  smaller  inclination  to  «n,  because,  in  that  caBc, 
their  point  of  intersection  recedes  from  /  //- 

The  theory  of  undulations  has  explained  the  ele* 
mentary  facts,  and  most  general  properties  of  light, 
and  has  moreover  furnished  the  means  of  represent- 
ing optical  laws  by  analytic  expressions.  For  cal- 
culating the  very  various  phenomena  of  diffrac- 
tion ;  oi'  tlie  coloured  rings  produced  by  a  thiti 
plate  of  air,  water,  or  other  refracting  medium ; 
refraction  itself,  in  which  the  ratio  of  the  sine  of 
incidence  to  the  sine  of  the  refracted  ravs,  is 
proi'isely  that  of  the  lengths  of   the    undulation!) 
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the  two  mediums ;  the  colours  and  the  singular 
nnodes  of  polarisation  which  crystallised  plates 
present ;  it  is  sufficient  to  know  the  different 
lengths  of  the  undulations  of  the  light  in  the 
mediums  which  it  traverses,  this  being  the  only 
quantity  which  need  be  borrowed  from  experi- 
tnent,  and  it  is  the  basis  of  all  the  formula\  If  we 
consider  these  intimate  and  multiplied  relations, 
which  the  theory  of  undulations  establishes  among 
the  most  different  phenomena,  we  must  be  struck 
at  once  with  its  simplicity,  and  its  fruitfulness,  and 
ftllow,  that  even  though  it  did  not  possess  the 
advantage  of  explaining  several  facts  absolutely 
inconceivable  and  unaccountable  on  the  system  of 
emission,  it  would  merit  the  preference  by  the  means 
which  it  affords  of  connecting  together  all  the  phe- 
nomena of  optics,  and  embracing  tliem  in  general 
formulae. 

The  phenomenon  of  the  dark  bands  produced  in 
the  beautiful  experiment  of  the  beam  of  light 
reflected  from  two  mirrors  slightly  inclined  to  each 
other,  seems  of  itself  to  be  quite  decisive  against 
the  emission  of  material  particles  from  luminous 
bodies,  tor  it  is  impossible  that  the  accumulation 
and  condensation  of  such  particles,  or  that  light 
added  to  light  should  produce  darkness.  Addition 
ought,  in  all  circumstances  of  emission,  to  in- 
crease more  or  less  the  vivacity  of  the  light,  and 
in  the  above  experiment  of  the  double  reflection 
from  two  mirrors,  to  doable  it.  Before  quitting  the 
subject  of  light,  f  shall  describe  an  experiment, 
whicli  M.  Arago  fjjowed  me  some  years  ago,  in  the 
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Royal  Observatory  of  Paris.    It  brings  a  very  strik- 
ing accession  of  evidence  to  the  undiilatory  theory. 

It  has  been  long  known   to  chemists,  that  the 
chloride  of  silver  becomes  instantly  black  in  the 
t^Bunbcam,  but  retains  its  snow  white  colour  for  any 
length  of  time  when  kept  in  a  dark  place.    On  cans-  ■ 
ing  to  fill!  on  newly-prepared  chloride  of  silver,  the 
fringes  produced  by  the  interference  of  two  beams  m 
reflected  from  the  above  described  slightly  inclined  ■ 
mirrors,  they  were  observed  to  trace  on  it  equi- 
distant black  lines,  separated  by  white  intervals. 

This  proves,  that  the  chemical  influence  of  the 
luminous  rays  is  modified  by  their  interference,  like 
their  optical  properties,  and  that  it  varies  in  inten- 
sity according  to  the  differences  of  the  paths  per-  ■ 
curred.  When  this  difference  is  equal  to  an  entire 
number  of  undulations,  the  two  systems  of  waves 
are  in  perfect  accordance,  and  their  vibrations  have 
ihe  greatest  energy  possible.  In  this  case,  their 
lemical  eftects  ought  to  reach  their  maximum ; 
and  on  the  other  hand,  in  the  points  where  the 
difference  of  the  paths  pcrcurred  is  an  odd  number 
of  semi-undulations,  the  discordance  being  complete, 
the  chemical  effects  ought  to  be  null,  like  the  sensa- 
tion of  light  which  the  same  points  produce  on  the 
eye.  These  interesting  positions  have  been  con- 
firmed  by  experiment.  M.  Arago  further  proved, 
that  the  unequal  action  of  the  light  at  the  diflerent 
points  of  the  space  where  the  two  beams  are  united, 
depencb  on  their  mutual  influence,  for  on  with- 
drawing one  of  the  beams,  the  chloride  of  silver 
assumes  an  uniform  dark  tint  in  the  very 
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space,  in  which  hues  alternately  black  and  white 
were  formed,  when  the  two  sunbeams  arrived 
there  simultaneously.  In  the  same  way  it  was 
denioustruteti,  that  in  the  points  corresponiling  to 
tlie  dirterences  of  paths  percurred  equal  to  an  odd 
number  of  semi-undulations,  the  chemical  action  of 
light  is  insensible  when  the  two  reflected  beams 
arrive  there  together,  whilst  it  re-appears  when  one 
of  the  beams  is  intercepted.  This  tact,  indepen- 
dently of  all  theory^  overturns  the  hypotliesis  adopted 
by  several  philosophers,  according  to  which  tl)e 
chemical  effects  of  light  result  from  the  combina- 
tion of  its  matter  with  bodies  ;  for  if  it  were  so,  the 
effect  produced  would  be  greater  the  more  con- 
siderable the  quantity  of  luminous  particles,  and  in 
no  case  assuredly  could  the  chemical  effect  of  light 
be  increased  by  withdrawing  a  portion  of  the  inci- 
dent rays. 

When  the  two  beams  are  reflected  by  two  mirrors, 
forming  a  sensible  angle  with  one  another,  it  hap- 
pens that  tlie  same  rays  which  lose  in  one  point 
their  luminous  and  chemical  properties,  by  their 
complete  discordance  with  the  rays  w  Inch  they  there 
encounter,  find  themselves  a  little  farther  on  in  dif- 
ferent circumstances,  and  recover  these  properties. 
This  shows,  as  M.  Anigo  justly  remarks,  that  they 
did  not  mutually  destroy  each  other,  but  were 
merely  neutralised  for  the  moment,  in  the  spot  where 
their  movements  towards  opposite  quarters  counter- 
balanced their  vibrations.  This  play  of  interier- 
euces  will  be  understood  by  inspecting  the  prexious 
tigure,  p.  44<. 
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volume  by  an  innate  elastic  force,  in  proportion  as 
tl)e  pressure  is  lightened.  It  is  therefore  the  mutual 
resilience  of  the  aerial  particles  themselves  which 
causes  them  to  escape  from  the  receiver  of  an  air 
pump,  as  we  relieve  them  from  atmospheric  pres- 
sure by  raising  the  piston  j  and  not  any  active  suck- 
ing force,  which,  by  this  instrument,  we  can  exer- 
cise. 

This  curious  constitution,  scarcely  recognisable 
in  water  and  other  liquids,  fits  tlie  air  for  its  nume- 
rous atmospheric  functions.  It  becomes  thus  a 
springy  yielding  medium,  though  which  the  feeblest 
insect  and  largest  bird  may  wing  their  way,  with 
well  adjusted  buoyancy  and  speed  ;  in  which  every 
form  of  pulmonary  organ  may  find  its  appropriate 
exercise.  As  the  elastic  vehicle  of  sound,  it  is  the 
medium  of  speech  and  music  ;  thus  enabling  innu- 
merable orders  of  animal  beings  to  maintain  the 
social  intercourse  prompted  by  their  mutual  wants 
and  incli!Uitions. 

The  dogmatists  of  Greece,  and  their  scholastic 
followers,  pronounced  air,  water,  earth,  and  tire,  to 
be  the  four  elements,  out  of  which  every  form  of 
material  being  is  composed.  Experimental  research 
has  dissipated  these  illusions.  Fire  alone  retains 
with  the  chemist,  any  pretensions  to  elementary 
rank,  and  even  these  are  untenable.  Air  is  by  no 
means  simple  in  constitution,  but  complex,  in  sub- 
serviency to  its  manifold  functions.  It  consists,  in 
the  first  place,  of  two  main  constituent  principles, 
azote  and  oxygen,  which  are  blended  in  the  pro- 
portion of  79  measures  of  the  first,  and  Ql  of  the 
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second.  In  1000  parts,  moreover,  one  part  of  car- 
bonic acid  gas  may  be  reckoned.  Eacb  of  these 
constituents  has  specific  duties  to  perform,  towards 
animate  and  inanimate  nature.  Thus  the  seemingly 
inactive  azote,  dilutes  the  oxygen  to  a  proper  pitch 
for  respiration  and  combustion.  Did  the  latter 
element  act  alone,  it  would  make  animal  existence 
a  short-lived  fever,  and  every  fire  a  furnace,  in  which 
not  merely  common  fuel,  but  even  metals  would 
burn.  The  active  uses  of  azote,  in  this  scene  of 
beings  are  as  yet  but  imperfectly  explored.  The 
substance  of  all  animal  bodies  is  replete  with  it,  in 
a  concrete  state  ;  and  yet  we  cannot  tell  by  what 
chauncl,  or  from  what  source,  it  is  introduced.  In 
the  food  of  the  elephant,  the  horse,  and  the  ox, 
science  has  not  hitherto  discovered  the  origin  of  that 
vast  cjuantity  of  the  azotic  element,  which  is  hourly 
assimilated  to  the  solid  and  liquid  texture  of  their 
bodies,  to  repair  what  is  daily  wasted  and  thrown 
off  in  excrementitious  matter. 

In  viewing  the  atmosphere,  as  consisting  of 
oxygen  and  azote,  we  cannot  help  remarking  the 
delicate  equilibrium  of  chemical  proportions  on 
which  the  well-being  of  organic  life,  and  even  the 
whole  aspect  of  Nature,  depend.  Were  the  propor- 
tion of  the  oxygen  or  vital  air  diminished,  breathing 
would  be  laborious,  evehy  warm-blooded  animal 
would  become  asthmatic,  and  coal  would  not  cheer 
the  domestic  hearth.  On  the  other  Iiand,  were  the 
proportion  of  the  vital  ingredient  doubled,  that  is 
instead  of  i  of  it  to  4*  of  azote,  as  at  present,  were 
there  '2  to  4,  the  temperate  breath  of  heaven  might 
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suddenly  change  into  an  atmosphere  of  intoxicating 
gas^  for  these  are  the  chemical  proportions,  and 
sole  constituents  of  this  curious  air.  Were  the  bulk  of 
oxygen  quadnipled,  so  that  its  quantitj^  should  equal 
that  of  the  azote,  a  most  noxious  air  called  nitrous 
gas  (deutoxide  of  azote)  might  result ;  a  gas  which, 
with  an  additional  charge  of  oxygen,  would  con- 
dense into  an  ocean  of  Aqua  Fortis,  or  Nitric  Acid, 
A  slight  modification  of  chemical  affinity,  would 
convert  even  our  existing  atmosphere  into  the  most 
corrosive  of  liquids ;  a  result  which  the  Hon.  Mr. 
Cavendish  many  years  ago  produced,  by  merely 
transmitting  electric  explosions  through  a  small  por- 
tion of  common  air.  But  science  shows  that  the 
chemical  equilibrium  of  the  atmospheric  elements, 
is  fixed  by  the  same  Beneficent  Wisdom,  which  con- 
fines the  turbulent  ocean,  by  an  apparently  slender 
l)arricr  of  sand. 

The  atmosphere  contains  another  constituent  of 
great  importance,  aqueous  vapour,  on  which  many 
of  its  most  valuable  properties  depend.  In  raising 
this,  it  becomes  the  purifier  of  the  ocean  waves,  and 
their  distributor  over  the  dry  land,  thence  generating 
in  the  sky,  clouds,  rain,  snow,  hail,  and  dew,  which  by 
tlieir  deposition  on  the  earth,  give  origin  to  fresh 
water  springs,  rivers,  and  lakes,  all  indispensable  to 
the  sustenance  of  animal  and  vegetable  life.  The 
contemplative  author  of  the  Book  of  Job  was  deeply 
affected  with  these  meteoric  wonders.  "  He  bindeth 
up  the  waters  in  his  thick  clouds,  and  the  cloud  is  not 
rent  under  them."  Moses  has  accurately  described 
this  grand  function  of  the  atmosphere :  "  And  God 
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isaid,  Liet  tliere  be  a  HrmameDt  in  the  midst  of  the 
waters,  and  let  it  divide  the  waters  from  the  waters. 
And  God  made  the  Hrmament,  and  divided  the 
Abaters  which  were  under  the  tirmament,  from  the 
waters  which  were  above  the  Hrmanient ;  and  it 
was  SO-  And  God  called  tlie  firmament  Heaven. 
And  the  evening  and  the  morning  were  the  second 
iday," — Gcnesisy  u  6,  7«  8. 

How  perfectly  does  his  order  of  elementary 
development  accord  with  every  principle  of  Natural 
Science !  The  most  elastic  medium,  (called  some- 
times in  popidar  language,  the  ethereal  and  impon- 
derable element,)  in  which  light,  heat,  and  electricity 
seem  to  reside,  first  sprung  forth  j  and  next  the 
weighty  and  less  elastic  fluids  or  gases  were  evolved. 
The  Mosaic  arrangement  is  in  fact  that  now  adopted 
by  chemical  philosophers. 

Were  the  surface  of  the  eartli  of  uniform  temper- 
ature throughout,  and  not  chequered  witli  water, 
the  Atmosphere  would  every  where  be  equal  in 
height,  density,  and  elasticity  ;  but  this  density 
would  necessarily  decrease  with  the  decreasing 
pressure,  in  proportion  as  the  weight  of  the  supe- 
rior columns  were  removed,  in  a  geometrical  ratio 
to  arithmetical  heights,  as  already  described.  The 
average  weight  of  the  atmosphere  is  measured  by 
a  column  of  mercury  30  inches  high ;  which  column, 
an  inch  in  area,  weighs  1  !•  pounds  and  seven-tenths. 
At  tJie  temperature  of  3^°  F.,  mercury  is  10500 
times  denser  than  air  ;  therefore  if  10500  be  mid- 
tiphed  by  80  inches  or  '2i  feet,  the  pnnlnct  "iii'iTjO 
J'ect  will  represent  the  height  of  a  liomogeneous 
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atmosphere,  supposed  of  equal  density  above  and 
below.  But  since  the  atmosphere  is  progressively 
attenuated,  as  it  recedes  from  tlie  earthy  its  temper- 
ature progressively  sinks  by  its  enlarged  capacity 
for  heat.  The  amount  of  this  refrigeration  is  about 
one  degree  Fahr.  for  ever>'  hundred  yards  of  ascent 
And  as  the  air  contracts  in  volume,  by  decrease  of 
temj>erature,  the  length  of  the  superior  columns 
will  thus  be  diminished. 

On  the  supposition  of  an  unciianging  temixTJi- 
ture,  the  mercury  of  a  barometer  would  fall  from 
30  inches  to  ^J,  by  carrying  it  to  tlie  top  of  ^l^ltna, 
or  KKXXl  feet  high  j  but  in  the  actual  predicament 
of  an  atmosphere  condensed  in  the  upper  regions 
by  cold,  the  equipoising  mercurial  column  would 
Jiill  to  about  19  inches  at  the  same  elevation.  If 
the  surface  of  the  earth  acquire  a  higher  tempera* 
ture  than  that  stated  above,  suppose  18°,  the 
atmosphere  will  expand  and  be  elongated  through- 
out, so  that  on  the  top  of  j^tna,  a  greater  weight 
of  air  will  rest,  so  as  to  sustain  the  mercury  tliere, 
at  1!)  inches  and  \.  If  the  terrestiial  temperature 
increase  progressively  from  the  poles  to  the  equa- 
tor, then  the  atmospheric  altitude  will  also  increase 
from  the  first  to  the  second  position,  forming  an 
inclinetl  plane  on  its  summit,  instead  of  a  curve 
concentric  with  our  spheroid.  Calling  the  thermo- 
metric  ilegree  80  at  the  equator,  ajid  0  at  tlie  poles, 
tlie  barometer  raised  10000  feet  in  the  fonner 
region,  will  still  he  pressed  by  a  residuary  weight 
equal  to  ![)  inches  and  fully  J  of  mercury  ;  while 
in  the  latt<T,  it   will    sustain   only  18  inches  and 
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about  a  half.     In  the  circumpolai*   latitudes,  the 
portion  of  the  aerial  coluinus  near  the  suriace  of 
the  earth,  having  a  greater  specific  gravity,  than 
;he  lower  strata  towards  the  tropics,  will  displace 
:hc  latter,  and  cause  a  current  towards  the  equa- 
►r  ;  but  at   greater   elevations,   the   circumpolai' 
itniosphere  will  be  more  attenuated,  and  will  give 
ay  to  the  other,  whence  a  counter-current  towards 
;he  j)olc8  will  ensue.     Hence  a  ])orpetual  circula- 
tion is  maintained  ;  the  colder  air  in  our  hemisphere 
flowing  southward  below,  and  the  warmer  air  north- 
^ward   above,  thus  tending  to  equalise  the  aerial 
temperature  over  the  globe. 

By  the  revolution  of  tlie  earth  on  its  axis,  the 

various  points  of  its  surface  move  eastwards  with  a 

^velocity  proportional  to  their  resjjective  distances 

from  the  poles,  where  the  motion  is  =  0.     At  the 

^equator  the  velocity  is  10^7  niiles  per  hour  =  "^^.f^; 

Hand  at  every  degree  distant  from  tliis  circle,  it  may 

^P>e  found  verj'  nearly  by  multijilying  the  munber 

Hl(X37  by  the  cosine  of  the  latitude.     The  atmo- 

™^sphere  incumbent  on  any  region,  participates  (when 

apparently  at  rest)  in  this  eastward   motion  ;  and 

therefore  the  air  over  a  northern  circle  of  latitutle, 

(in  passing  towju'ds  a  southern,  retaining  by  iner- 
tia, its  smaller  velocity  of  rotation,  will  seem  to 
linger,  as  it  were,  behind  the  aerial  particles,  among 
which  it  enters,  and  have  the  effect  of  a  current 
from  the  west.  Thus,  also,  by  composition  of 
piuotion,  an  impulsion  towards  the  south-west  will 
^result,  constituting  what  is  called  the  trade  win<l. 
In  the  southern  hemisphere,  this  wind  will,  for  a 
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like  reason,  blow  towards  the  north-west.  The 
currents  in  the  higher  regions  of  the  atmosphere  in 
receding  from  their  source  at  the  equator,  will  tend 
to  retain  also  by  m&rtia  their  primitive  xelocity  of 
rotation,  and  hence  will  strike  the  aerial  particles 
among  which  they  flow  with  a  soutli-easterly 
impulse  in  tlie  northern  hemisphere,  and  a  north- 
easterly in  the  southern.  But  getting  cooled  in 
their  prc^ess,  they  will  become  heaxier  and 
tlescend,  checking  to  a  certain  degree  the  ex-polar 
currents  below.  | 

We  must,  moreover,  consider  the  successive 
action  of  the  sunbeams  on  the  surface  of  the  revolv- 
ing sphere.  By  this  cause,  each  meridian  from 
east  to  west,  has  its  incumbent  stratum  of  air  suc- 
cessively rarefied,  so  as  to  carry  round  a  current 
with  tlie  apparent  motion  of  the  sun.  The  amount 
t>f  this  motion  is  to  be  added  to  the  former.  Na>> 
gators  tell  us  that  the  traile  winds  in  the  Atlantic 
and  Pacific  Oceans,  extend  to  about  ^  or  30 
degrees  of  latitude  on  each  side  of  the  Equator, 
within  wliich  limits,  curious  modifications  from  local 
causes  occur. 

In  these  trade  winds,  the  higher  clouds  are  very 
seldom,  if  ever,  observed  to  move  in  tlie  direction 
of  the  wind  below,  but  usu;dly  in  the  opposite.  On 
the  top  of  the  Peak  of  Teiieriffe,  tiie  wind  blows 
for  the  most  part,  so  strongly  from  the  south-west, 
that  a  person  finds  difficidty  in  standing  upright, 
against  the  breeze. 

We  nnist  now  consider  the  gaseous  influence 
whicii  water  would  exercise. 
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Calling  its  elastic  force,  in  round  numbers,  one- 
fiflh  of  an  inch  at  the  freezing  point  of  water,  on 
the  surface  of  the  globe,  then  at  a  height  of  30000 
feet,  its  force  would  be  one-tenth  of  an  inch,  cor- 
responding to  a  constituent  temperature  of  15°  F. ; 
supposing  no  atmospheric  air  to  exist.  An  increase 
of  wai'inth  upon  the  earth  would  give  a  higher  con- 
stituent point  for  the  vapour,  and  more  water 
would,  of  course,  rise  in  exhalation,  but  none  would 
be  deposited  as  long  as  there  existed  no  ineciuality 
of  temperature  on  the  terrestrial  surface.  But  with 
a  decrease  of  heat  from  the  equator  to  the  poles, 
the  water  would  rapidly  distil  from  the  hottest  to 
the  coldest  place,  hy  a  constant  ebullition  in  the 
former,  as  in  the  vacuum  of  an  air  pump,  or  in  the 
exposed  bulb  of  a  Cryophorus.  The  equilibrium 
lUriOf  the  ocean  would  be  maintained  by  refluent 
^Htreams  of  water  from  the  circumpolar  regions. 
^m  Supposing  the  equatorial  temperature  80°,  the 
^wapour  would  have  tiien  the  corresponding  teUvsion 
|B>f  1  inch,  at  the  surface,  and  fully  i  at  the  height 
of  30,000  feet.  Both  its  elastic  force  and  specific 
gravity,  are  thus  increased  throughout  tlie  length 
of  its  column,  giving  rise  to  a  pressure  against  the 
colder  circumpolar  columns.  Since  the  elasticity 
of  vapour  increases  nearly  in  a  geometrical  progres- 
sion for  equal  increments  of  heat,  the  decrease  of 
temperature  in  ascending  in  snch  a  vaporous  atmo- 
sphere, will  be  simply  in  an  arithmetical  progres- 
ion.  'Che  diminution  is  very  nearly  three  degrees, 
»r  every  rise  of  .OiMX)  feet. 
Under  these  circumstances,  the  equatorial  regions 
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would  remain  perfectly  transparent,  while  rain 
would  fall  in  every  colder  zone,  in  proportion  to 
the  densities*  at  the  respective  places,  anfl  the 
decrease  of  temperature  at  the  surface.  Thus  a 
circulation  of  vapour  and  water  would  be  main- 
tained, like  tlie  cohobation  of  the  ancient  chemists. 
Such  woidd  be  the  condition  of  an  aqueous  globe 
unprovided  with  a  gaseous  atmosphere,  and  un- 
equably  heated. 

I^t  us  next  suppose  that  the  heat  in  the  upper 
regions  diininislies  (as  happens  from  aerial  rarefac- 
tion) njore  rupidly,  than  is  due  to  the  expansion  of 
aqueous  vapour  :done.  If  the  heat  of  the  water  on 
the  surface  of  the  sphere  be  80°  F.  wlijle  at  .5O0() 
feet  a  temperature  of  C4i°  prevails,  "  the  water 
will  have  a  tendency  to  throw  off  vapoiu-  of  the 
same  constituent  heat  as  its  own  temperature  ;  but 
the  pressure  above,  being  rendered  too  little  by  the 
influence  of  the  forced  degree  of  cold,  to  preserve 
the  necessary  elasticity  below,  the  atmosphere  will 
only  possess  tlie  tension  due  to  the  lower  degree; 
that  is  to  say,  the  constituent  temperature  of  the 
vapour  will  be  only  67.9°.  Evaporation  must, 
therefore,  ensue  below,  and  its  concomitant  prcci- 
pitation  will  take  place  above.  The  consequence 
of  this  situation  of  things  must  be,  that  a  cloud  will 
be  formed  at  the  height  whicJi  has  been  named  : 
for  the  atmosphere  will  be  Ibrced  upwards  by  tlie 
nascent  vapour  below,  and  will  be  condensed  at 
this  point.  The  cloud,  however,  supjM)sing  the 
process  to  be  suHicicntly  gradual,  would  not  extend 
very  tar  downwards,  for  the  water  during  its  pre- 
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cipitatiou,  would  be  redissolvctl  by  the  excess  of 
heat  ill  the  lower  regions,  so  that  these  might 
remain  transparent  and  undisturbed.  The  temper- 
ature wouhi  be  slowly  equalized,  and  the  balance 
of  force  restored.  .  .  .  The  upper  regions, 
upon  this  supposition,  remain  clear,  for  there  tlie 
regular  gradation  is  undisturbed."* 

tThe  simple  case  of  a  sudden  decrease  of  heat  at 
e  stage  of  altitude  in  the  atmosphere,  by  which 
condensation  or  cloud  was  produced,  has  been  con- 
sidered. We  ■Mill  next  suppose  that  the  rapid 
E crease  of  temperature  continues  throughout  the 
lumn,  nearly  as  happens  in  our  atmospheric  air, 
d  tliat  at  the  following  stages  of  its  lieiglit,  the 
vapour  is  conse(piently  forced  to  adapt  itself  to  the 
following  progression : 

It  in  feet,    0»    5000      iOOOO      15000      20000      22000     30000 
npcraturc,    80-   64.4^       48.4-       31.4"        12.*'     — T.e"  —30.7- 

The  elasticity  could  not  tlien  exceed  0,(H3  of  an 

ich  upon  the  surface  :  the  evaporation,  if  unob- 

ucted  by  the  inertia  of  the   incumbent   aerial 

:icles,  would  conse(|uently  be  excessive,  and  its 

■ce  would  almost  amount  to  explosive  violence  ^ 

le  the  condensation  above  would  be  commen- 

■ate,  precipitatiiig  the  water  in  toruadoes.     But 

resistance  opposed  by  the  inertia  of  the  atmo- 

leric    sur,   modifies    tliese    consequences    in    a 

igidar  manner.      Thus   the   condensation  takes 

ice  gradually,  and  at  different  heights ;  and  the 
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moisture  falling  gradually  back  into  the  excess  of 
heat  below,  is  converted  into  vapour  of  greater 
force,  which  pressing  more  upon  the  inferior  strata, 
proportionately  augments  their  densitiej*. 

The  particles  of  aqueous  vapoiu',  in  penetratin 
the  interstices  of  the  permanently  elastic  air,  ex 
rience  tlic  same  sort  of  retardation,  as  water  d 
in  percolating  through  the  pores  of  sand.  As  soon 
as  the  equilibrium  of  air  and  vapour  is  tluis  attained, 
tlie  mutual  action  ceases,  and  the  particles  ol'  each 
press  only  upon  those  of  tlieir  own  kind.  We  may 
therefore  contemplate  tlie  mixture,  either  as  con- 
sisting of  constituent  particles  in  balanced  repose, 
or  seeking  this  state  by  means  of  intestine  motion. 

The  following  table  of  Mr.  Daniel!  shows  the 
small  quantity  of  vapour,  wlxich  could  exist  in  an 
atmosphere  of  air,  supposing  it  saturated  wi 
vapour  tliroughout : — 


H  fight. 

TfiDpantani. 

Elasticity. 

i) 

IT 

O.fUO 

5000 

61 

0,512 

KMKK) 

4*5 

0,Slii 

15000 

'2^.5 

0.171 

StMKX) 

9.3 

0.088 

2.'><KK) 

—11.0 

i)M^2 

30000 

—35.0 

0.0 10 

'he  average  quantity,  therefore,  of  the  vapour  to 
itJii.s  height  could  not  exceed  0.^297  (=^~)  oi'  an 
linch  of  baronu^tric  pressure,  equiU  to  i  vertical 
Inches  of  water,  were  it  all  precipitated  at  once  on 
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the  surface  of  the  earth.     We  must  no  doubt  con- 
ler  that  the  altitude  given  above,  comprises  only 
o-thirds  of  the  practical  height  of  our  atmosphere; 
le  remaining  third  may,  however,  without  any  risk 
error,  be  considered,   from  the  lowness  of  its 
'inperature,  as  totally  free  from  water.     Indeed, 
30,000  feet,  the  quantity  is  scarcely  appreciable, 
'herefore  the  mean  pressure,  diffused  th  rough  4.'5(K)0 
it,  would  be  reduced  to  about  onc-tifth  of  an 
ich,  which  would  raise  the  barometer  only  from 
inches  to  30.2  in  the  atmosphere  surrounding 
sphere  of  the  temperature  of  77°)  hy  a  change 
im  absolute  dryness  to  perfect  moisture. 
The  transition  into  cloud  of  the  invisible  aqueous 
Lpour  diffused  in   the  air,  occurs  whenever   the 
atmospheric  temperature  coincides   with  the  dew 
point..    This  |)oint  may  be  most  elegantly  and  pre- 
cisely  determintd  by  Mr.    Daniell's    hygrometer. 
It  appears  i'roni  experiments  with  this  instrument, 
that  the  elastic  force  of  aqueous  vapour  tloes  not 
diminish  progressively  with  the  progressive  diminu- 
tion  of  the  temperature  of  the  air,  in  its    upper 
regions,  but  that  the  elasticity  of  the  vapour  con- 
tinues nearly  unimpaired  through  a  great  range  of 
elevation,  af\er  which  it  suddenly  encounters  the 
dew  point,  and  consequently  a  cloud    is  fonned, 
li  the    vesicular    water    constituting    this    cloiul, 
descends  by  gravity  a  very  Uttle  way,  it  comes  once 
more  witliin  the  influence  of  a  temperature  higher 
than   the  dew  point,  and  necessarily  resumes  the 
invisible  condition.     In  this  way,  the  under  surface 
of  the  nebulous  stratum  becomes  nearly  concentric 
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with  the  surface  of  the  subjacent  plane.     Abov 
this  first  range  of  clouds,  the   dew   point  stani 
much  lower,  (the  air  being  now  stripped  of  muchi 
of  its  moisture,)  and  hence  another  considerabli 
body  of  air  must  be  passed  through,  before  a^m* 
perature  sufficiently  low,  be  arrived  at,  to  cause 
second  deposition  of  clouds.     These  must  likewisi 
be  slighter  than  the  first.     We  can    thus  readil; 
understand  the  causes   of  the  alternate  strata   ol 
clouds  and  clear  air,  which  often  diversify  the  ak; 
in  serene  weather.     We  may  also  comprehend  how^ 
in  stormy  weather,  a  solitary  cloud  sometimes  stand* 
stiitionary  over  a  mountain  toj),  while  myriads  of^ 
other   clouds   drift   past   it  with   the  gale.      An 
obser\Tr  on  the  summit,  feels  the  vesicular  particles 
of  the  seemingly  fixed  cloud,  sweeping  past  hira 
with  great  velocity,  and  discovers  the   stationary 
aspect  which  it   exhibited  below,   to    be    illusory. 
The  inferior  beds  of  air,  are  relatively  warmer,  and 
moisten     They  dash  ;igainst  the  sloping  side  of  tlie 
mountain,  are  reflected  up  into  the  plane  of  conden- 
sation,  where  they  give  out  their  excess  of  water 
in  the  vesicular  form.     Above  the  cooling  influence 
of  the  mountain  top,  the  air  is  not  depressed  to  the 
dew  point  of  iis  constituent  vapour,  and  hence  it 
continues  clear. 

The  dew  point,  however,  often  suddenly  shifts, 
from  a  higher  to  a  lower  degree,  and  vice  versu^ 
from  causes  ill-understood  ;  most  probably  con- 
nected with  electrical  changes. 

Had  not  a  firmament  of  permanently  elastic 
fluid  been  called  into  being,  the  aqueous  vapours 
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rising  I'rom  the  sub-tropical  seas  would  have  flowed 
in  constant  torrents  of  fog  towards  the  circumpolar 
regions,  by  a  rapid  distillation  ;  the  transfer  being 
effected  by  a  successive  displacement  of  the  inter- 
mediate rows  of  vaporous  particles.  Thus  evapor- 
ation at  the  equator,  communicating  pneumatic 
pressure  to  that  aqueous  atmosphere,  would  induce 
speedy  deposition  of  rain,  over  the  arctic  regions. 
By  the  creation  of  the  air,  however,  a  self-adjusting 
regulator  has  been  introduced,  to  distribute  the 
atmospheric  waters  iu  graduated  quantities.  The 
vapour  thereby  forced  to  wind  its  way  amid  the 
aerial  particles,  has  to  overcome  considerable  obstruc- 
tion ;  and  its  progress  of  ascent  is  further  checked 
by  the  coldness  belonging  to  rarefied  air.  Hence, 
only  partial  nebulosities  cau  take  place  in  certain 
planes,  with  clear  intervals;  instead  of  a  lurid  canopy 
of  cloud.  Every  person  indeed  must  have  remarked, 
that  clouds  arc  not  always  confined  to  one  atmo- 
fipiieric  level. 

The  aqueous  particles  are  not  suspended  in  the 
^atmosphere  by  any  power  analogous  to  that  of  che- 
mical sohition.  There  is  merely  a  mechanical 
mixture  of  particles  iu  juxta-position,  a  state  which 
most  probably  represents  the  mixture  of  oxygen, 
azote,  and  carbonic  acid  in  the  permanent  atmo- 
sphere. Mr.  Uaniell  has  the  following  just  remarks 
on  this  curious  subject.  ^ 

The  constancy  of  the  proportions,  in  which  these 
gases  are  found  to  be  combined  in  every  situation, 
notwithstanding  perpetual  causes  of  disturbance,  is 
the  never  failing  theme  of  wonder.  If  we  suppose 
a  consumption  of  the  oxygen  to  take  place,  by  the 
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decomposition  of  tlie  atmosphere,  and  carbonic  acid 
added,  as  in  the  process  of  combnstion,  at  any  given 
spot,  in  what  way  is  chemical  affinity  to  act,  so  as 
to  restore  the  uniformity  of  the  compound  ?  No 
new  evolution  of  oxygen  takes  place,  and  it  cannat 
be  supplied  by  the  contiguous  portions  ;  for  we  can 
never  suppose  the  affinity  of  azote  for  oxygen  to  be 
satisfied,  by  the  decomposition  of  an  adjoining  mass 
of  azote  and  oxygen,  held  together  by  the  same 
affinity.  But,  if  the  oxygen  and  azote  be  two  dis- 
tinct elastic  atmospheres,  as  Mr.  Dalton  originally 
suggested,  mutually  permeating  one  anotlier's  inter- 
stices, the  particles  of  each  pressing  only  upon  their 
fellows,  and  oflering  -slight  obstacles  to  the  motions 
of  the  other  sort,  tlien  a  partial  consumption  of 
oxygen  would  be  instantly  supplied  by  a  rush  of  this 
elastic  fluid  towards  the  spot  where  the  equality  of 
pressure  had  been  disturbed.  In  fact,  no  sooner 
does  a  particle  of  oxygen  quit  the  azote,  and  enter 
into  a  new  combination,  tlian  the  rows  of  particles 
by  which  it  was  pressed  all  around,  speedily  supply 
its  place.  The  same  reasoning  may  be  applied  to 
the  carbonic  acid,  so  profusely  generated  in  com- 
bustion and  respiration  ;  for  if  not  rapidly  dispersed, 
a  city  would  be  iminhabitable  in  still  weather. 

The  tension  of  vapour,  which  rises  in  evaporation, 
is  determined,  not  by  the  temperature  of  the  evapo- 
rating surface,  but  by  the  clastic  force  of  the  pre- 
existing aqueous  atmosphere.  This  proposition  has 
been  experimentally  proved  by  Mr,  Dunicll,  and 
Captain  Sabine.  While  the  sea  breeze  was  blowing 
upon  the  coast  of  Africa,  the  liygrometer  denoted 
the  dew-point  to  be  about  60" ;  but  when  the  wind 
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blew  strong  from  the  land,  it  approached  in  its 
characters  to  a  Harmattan  ;  and  the  point  of  preci- 
pitation fell  to  the  extraordinary  depression  of 
37.5°  ;  the  temperature  of  the  air  being  66".  Hence 
we  see,  that  notwithstanding  the  heat  of  the  eva- 
porating surfaces  in  tlie  interior  of  that  continent, 
the  sands  of  its  deserts  yield  so  Lttle  vapour,  that 
the  air  becomes  parched. 

As  the  quantity  of  vapour  increases,  the  barometer 
generally  falls,  and  again  rises  with  its  decrease ; 
in  the  daily  fluctuations  of  the  weather.  This  fact 
is  irreconcilable  to  tlie  hj'pothesis  which  ascribes 
the  rise  and  fall  of  the  mercurial  column  to  tlie 
greater  or  less  amount  of  aqueous  paiticlcs,  and  is 
in  unison  witli  that  wliich  attributes  them  to  the 
unequal  expansion  of  balancing  currents  of  air,  the 
main  source  of  which  is  the  fluctuation  of  the  elastic 
vapour  itself. 

The  dew-point,  of  which  so  much  has  been  said, 
may  be  Ibund  for  many  purposes,  by  filling  a  tum- 
bler with  cold  water,  and  noting  its  temperature  at 
the  instant,  when  in  the  prepress  of  heating,  it 
ceases  to  condense  dew  on  its  surface.  To  mark 
this  instant  with  precision,  requires  close  watching 
find  frequent  wiping  with  a  towel ;  inconveniences 
from  which  Mr.  Daniell's  hygrometer  is  free.  The 
higher  the  temperature  at  which  dew  continues  to 
appear,  the  more  moisture  exists  in  tlie  atmosphere  ; 
or  the  less  tlie  water  needs  to  be  cooletl  below  the 
temperature  of  the  air,  in  order  to  cause  the  dewy 
deposit,  the  greater  chance  there  is  of  rain.  When 
the  dew  appears  on  a  glass,  very  slightly  refriger- 
ated,  it  is  evident  that  the  aqueous  vapour  in  tlie 
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air  is  ready  to  come  forth  spontaneously.  In  this 
circumstance,  should  the  temperature  of  the  air 
sink  a  very  few  degrees,  rain  will  inevitably  fall. 
To  what  extent,  however,  it  is  more  difficult  to  deter- 
mine ;  for  wc  often  observe  the  air  pouring  down  a 
heavy  shower  one  moment,  and  so  dry  as  to  absorb 
moisture  the  next. 

The  earth  is  thus  surrounded  with  two  distinct 
atmospheres,  mechanically  mixed.  The  vapour  or 
condensable  elastic  fluid,  struggles  to  rise  in  a 
medium,  whose  heat  decreases  by  expansion,  at 
a  much  more  rapid  rate  than  its  own  ;  whence 
it  is  condensed  in  vesicular  strata  in  the  upper 
regions.  Its  latent  heat  is  disengaged  in  the  con- 
densation, and  imparted  to  the  air;  thus  tending 
to  temper  the  inequalities  of  the  medium  in  which 
it  moves,  and  to  constrain  it  to  its  own  law.  This 
process  must  evidently  disturb  the  equilibrium  of 
the  aerial  fluid,  by  modifying  its  temperature  and 
density.  The  system  of  atmospheric  currents  is 
also  artected  by  the  unequal  expansion.  The  air 
at  the  surface  of  the  globe  is  usually  fur  from  the 
term  of  aqueous  saturation,  in  consequence  of  the 
condensing  influence  of  the  cold  strata  above. 
Thus  the  current  of  vapour  which  is  constantly 
moving  from  the  hotter  to  the  colder  regions,  may 
pass  from  the  equator  to  the  poles,  without  pro- 
ducing that  condensation  in  mass,  which  would 
otherwise  have  clouded  the  whole  depth  of  the 
atmosphere,  with  precipitating  moisture.  The  clouds 
are  thereby  confined  to  parallel  and  nearly  horizontal 
planes,  witli  intervening  clear  spaces.  The  mcclia- 
nical  influence  of  each  fluid  being  proportional  to 
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its  elasticity,  that  of  vapour  compared  with  air,  can 
never  at  most  exceed  the  ratio  of  1  to  .30 ;  so  that 
the  general  character  of  the  mixed  atmosphere,  is 
derived  from  the  permanently  elastic  constituent. 
This  controls  and  distributes  the  other  by  its  move- 
ments. An  important  re-action,  however,  takes 
place.  By  gradual^  but  almost  insensible  expansions, 
the  equipoised  strata  of  the  atmosphere  are  dis- 
turbed, storms  arise,  which  agitate  the  mighty 
ocean,  and  prevent  that  stagnation  of  air  and  water, 
which  would  pj:ove  injurious  to  organic  beings. 
But  the  disturbing  forces  contain  tlie  elements  of 
counteraction ;  and  the  tempest  soon  exhausts  its 
resources,  and  leads  in  a  calm.— Dan/e//'^  Essaj/s. 

Thus  we  perceive,  that  the  mechanism  ordained 
by  Infinite  Wisdom,  "  to  divide  the  waters  uhick 
are  under  the  Jinnamentyjroyn  the  uaters  which  are 
above  the  Jinnamenty**  is  inferior  to  none  of  those 
refined  and  beautiful  adaptations  which  lie  most 
obvious  to  human  sight,  in  the  kingdoms  of  life,  or 
in  the  starry  heavens.  But  for  this  delicate  adjust- 
ment of  conflicting  elements,  the  clouds  and  con- 
crete vapours  would  have  obscured  the  sky,  to  an 
indefinite  distance,  concealmg  for  ever  the  glorious 
orbs  which  circulate  in  celestial  space. 

On  a  subject  so  transcendent  and  mysterious  as 
tlie  state  of  the  new  bom  atmosphere,  it  becomes 
not  man  to  dogmatise.  It  is,  therefore,  in  perfect 
humility,  that  I  offer  the  following  suggestions. 
No  cause  hitlierto  operated,  tliat  we  can  assign, 
why  the  sub-aqueous  globe  should  possess  any  dif- 
ference of  temperature  at  its  equator  and  poles. 
Even  those  who  believe  that  the  creation  of  light> 
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implies  the  creation  of  the  sun,  suppose  that  his 
beams  could  not  penetrate  to  the  terrestrial  sphere 
on  account  of  the  dense  vapours  which  still  involved 
it.  Mr,  Daniell,  in  his  35th  table,  represents  very 
faitiifully,  I  believe,  tJie  condition  of  an  atmosphere 
of  air,  to  which  vapour  was  admitted  from  a  sphere 
of  equal  temperature  covered  with  water.  '*  A 
perpetual  struggle,"  says  he,  "  would  ensue  between 
the  temperature  due  to  the  density  of  the  air,  and 
the  constituent  temperature  of  the  vapour,  accom- 
panied by  per|)etual  evaporation  below,  and  simul- 
taneous condensation  above.  No  winds  or  lateral 
currents  would  be  established,  but  an  increasing 
circulation  in  a  vertical  direction." 

On  the  gathering  of  the  waters  into  one  place, 
and  the  appearance  of  tJie  dry  land,  the  cause  of 
the  universal  cloud  which  veiled  nature  being 
removed,  its  face  should  have  been  now  cheered 
partially  at  least,  with  the  sun's  beam,  had  his  orb 
been  invested  with  luminiferous  influence.  But 
it  was  not  so  ;  for  anotlier  day  elapsed,  before  the 
Sun,  Moon,  and  Stars,  were  set  as  lights  in  the 
firmament. 

We  cannot  conclude  this  chapter,  witliout  advert- 
ing again  to  the  pliilosophical  precision  with  which 
Moses  has  defined  the  main  function  of  the  firma- 
ment— to  separate  the  waters  from  tlie  waters  ;  ages 
before  Philosophers  had  any  idea  of  the  mechanism 
of  clouds.  This  has  at  length  been  happily  deve- 
loped by  Mr.  Daniell. 
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Circumstances  which  will  transpire  in  the  progress 
of  our  researches,  cause  me  to  assign  a  difierent  pro- 
portion between  the  dry  and  huraid  surface  in  the 
Primeval  Globe,  from  that  which  now  prevails.  I 
am  led  to  conclude,  that  the  area  of  the  land  bore 
to  that  of  the  water,  probably  the  ratio  of  equality, 
instead  of  nearly  100  to  365,  as  at  present.  One 
ob\ious  conse<juence  of  this  condition  was,  that  tlie 
depth  of  the  Primeval  ocean  was  greater,  as  its 
superficial  expanse  was  less.  By  tliis  means,  the 
water  came  into  far  deeper  and  more  extensive 
contact  with  those  ignited,  combustible,  and  explo- 
sive materials,  which  the  phenomena  of  mines  and 
volcanoes,  demonstrate  to  exist  within  the  crust  of 
the  globe. 

We  learn  from  Physical  Astronomy,  that  the 
only  form  compatible  with  an  universal  diflusion  of 
y  waters  round  a  revolving  globe,  is  an  oblate  sj)heroid 
of  certain  dimensions.  To  the  equilibrium  of  a 
fluid  mass,  thus  diffused,  it  is  necessary  that  any 
^two  colunms  reaching  to  the  surface  from  any  point 
within  the  fluid,  should  balance  one  another,  or 
should  press  equally  on  that  point.  This  eqviiii. 
brium  of  tlie  columns  will  take  place  in  a  mass  of 
homogeneous  fluid  revolving  round  an  axis,  if  it  be 
formed  into  an  oblate  spheroid,  such  that  the  polar 
semi-axis  is  to  tlic  radius  of  the  equator,  as  the 
attraction  at  the  equator  diminislied  by  the  centri- 
tligal  force  at  the  same  place,  to  the  attraction  at 
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the  pole*  A  liomogeneous  fluid  of  the  same  mean 
density  with  the  earth,  and  revolving  on  an  axis  in 
the  space  of  *2S  lionrs  .50'  V  of  solar  time,  as  it  does, 
would  be  in  equUibrlo^  if  it  had  the  figure  of  an 
oblate  spheroid,  of  which  tlic  polar  axis  was  to  the 
equatorial  diameter  as  '2^i!)  to  ^.*30-  This  is  accord- 
ingly the  figure  which  Newton  gives  to  the  earth. 
Est  igitiir  diameter  teiTte  secundum  etjuatorein^  ad 
ipsitw  diamelrum  per  poloSy  ut  230  ad  'i^S,  Prin.  L, 
iii.  prop.  19.  But  if  the  mass,  supposed  to  revolve 
on  its  axis,  be  not  homogeneous,  but  be  composed  of 
strata  tliat  increase  in  density  towards  the  centre; 
the  figure  of  equilibrium  will  still  be  an  elliptic 
spheroid,  but  of  less  oblateness,  (less  compressed  at 
the  poles,)  than  if  it  were  homogeneous.  This  is 
the  predicament  more  nearly  of  the  eartli,  whose 
ellipticity  is  about  yj^. 

But  there  arc  actually  considerable  irregularities 
on  the  surface  of  the  earth,  so  that  the  spheroid 
wliich  agrees  best  \^*ith  the  degrees  measured  in 
France,  is  one  having  an  ellipticity  of  ^  ;  nearly 
double  of  what  may  be  accounted  the  mean  ellip- 
ticity. These  irregularities  of  shape  consist  in  an 
unequal  magnitude  and  density,  of  the  great  moun- 
tain masses  and  table  lands,  now  standing  above  the 
waters. 

But  the  form  of  the  terrestrial  ball  was  the  regular 
spheroid,  while  it  lay  enveloped  in  tlie  shore- 
less deep.  "  And  God  said,  Let  the  waters 
under  the  heaven    be   gathered   unto  one   place, 
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and  let  the  dry  land  appear.     And  it  was  so." — 
GenesiSy  i.  9. 

In  attempting  to  search  into  the  secondary  causes 
whicli  may  have  been  called  iiito  action,  when  tlie 
channel  oltJie  scii  A\as  liollowed  out,  and  tlie  moun- 
tains were  upheaved  from  tlie  abyss,  it  behoves  us 
to  walk  with  the  most  hiimhie  circumspection.  A 
cosmogonist  has  said,  "  that  man  who  han  weighed 
the  planets  and  measured  theij*  distances,  may  pre- 
sume to  trace  the  openitions  by  which  the  surface 
of  the  globe  was  arranged."  The  reproach  of  pre- 
sumption will  indeed  he  incurreil,  if  we  do  not 
travel  closely  in  the  inductive  path.  We  must,' 
above  all,  beware  lest  we  be  misled  by  such  a  vague 
arudogy,  as  that  offered  in  the  preceding  quotation,  i 
The  diameters,  densities,  and  movements,  of  the- 
planets,  are  ]>rcsent  objects  of  measurement,  as  we 
remarked  in  the  Introduction.  Man  may  accurately 
observe  the  whole  series  of  changes  through  which 
ftliey  nm,  and  from  his  observations,  compute  tlieir 
weights  and  distances  by  a  rigid  geometry.  But 
he  was  not  permitted  to  witness  the  series  of  changes 
through  which  tlie  materials  of  our  earth  have 
lassed,  in  attiiining  their  actual  arrangement,  and 
'thus  the  Cosmogonist  wants  data  of  kindred  cer- 
tainty, with  those  possessed  by  the  Astronomer- 
Multiplied  obseiTations  have  sliown^  that  the 
cnist  of  the  earth  is  composed  superticially,  or  to  a 
moderate  depth  of  certain  stratiform  or  schistose 
rocks,  which  being  devoid  of  organic  remains,  aie 
termed  primitive.  We  shall  at  present  confine  our 
attention  to  two  of  them,  called  Gneiss  and  Mica- 
slate.     These  are  arranged  in  planes  usually  parallel 
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to  each  other,  theMica^slate  being,  for  the  most  part, 
uppermost.  We  have  reason  to  believe,  that  hardly 
any  district  of  the  terrestrial  surface  is  destitute 
of  these  great  slaty  rocks,  though  in  many  places 
they  may  be  deeply  coveredox  er  with  secondarj'  ior- 
mations,  and  therefore  inaccessible.  Gneiss  con- 
stitutes the  body  of  the  Himmalaya  mountains,  and 
aboimds  among  the  Andes,  Alps,  Urals,  P^Tenees. 
It  forms  also  Ross  island,  tlie  most  northern  known 
land  of  the  globe.  Mica-slate  is  nearly  co-exten- 
sive. But  their  wide-stretched  foliated  planes,  are 
seldom  or  never  horizontal,  or  concentric  wntli  die 
curvature  of  tlie  earth.  They  usually  Ue  at  highly 
inclined  angles,  like  tables  resting  on  their  edgi«v 
in  a  nearly  vertical  position.  In  very  many  locali- 
ties, vast  irregular  musses  of  Granite,  are  seen  rising 
up  through  the  schistose  fields,  as  if  these  had  been 
upheaved  and  dislocated  by  its  protrusion,  and  were 
thrown  like  mantles  roiuid  its  shoulders  and  base. 

We  therefore  conclude  that  the  primordial  earth, 
as  it  lay  beneath  the  circumfused  abyss,  was  at  first 
endowed  with  concentric  coats  of  gneiss,  micu-slate, 
and  the  other  primitive  schists ;  that  at  the  recorded 
command  of  tlie  Almighty,  a  general  eruption  and 
protrusion  of  the  gnuiitic,  syonitic,  porphyritic,  and 
other  unstratified  rocks,  took  place,  wliich  broke 
up  and  elevated  the  schists  into  neiu'ly  vertical 
planes,  similar  to  what  now  exist,  leaving  commen- 
surate excavations  for  the  ba-sin  of  the  sea. 

In  meditiitingon  this  mighty  operation,  though  we 
may  shrink  tioni  the  overwhelming  scene,  and  feeL 
our  faculties  abased,  nay  annihilated  as  it  were,  in  the 
presence  of  that  Power,  "  who  liath  measured  the 
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^aters  in  the  hollow  of  his  hand,  weighed  the  moun- 

ins  in  scales,  and  the  hills  in  a  balance;  who  sit- 

fth  upon  the  circle  of  the  earth,  and  stretcheth  out 

le  heavens  as  acurtain,"  yet  the  maguitiule  of  these 

►rrestrial  disruptions,  will  create  no  difficulty  in 

le  mind  of  the  Astronomer,  familiai*  with  acts  of 

[Omnipotence  incomparably  more  stupendous.  Even 

le  geographer  would  smile  at  the  geologist,  who 

ihould  ask  for  Deity  a  countless  lapse  of  ages  to 

ild  up  on  the  Earth  its  superficial  scaffolding, 

[ivhose  size  is  to  its  total  bulk,  as  the  roughness  of 

the  rind,  to  the  ball  of  the  orange. 

In  treating  of  Primitive  Formations,  in  the  next 
[chapter  I  shall  adduce  such  evidence  as  will  render 
le  igneous  origin  of  the  unstratified  rocks,  more 
fthan  probable,  and  demonstrate  their  agency  in 
bpheaviug  the  schists,  and  causing  the  earth  to 
ieviate  in  many  points  of  its  surface,  from  its  first 
[form  of  a  geometrical  spheroid. 

Before  entering  on  these  geological  details,  how- 
[ever,  it  will  be  right  to  consider  the  properties  of 
|water,  and  the  creation  ol'  organic  beings. 

I.  Water. — There  are  few  things  endowed  with 
more  marvellous  properties,  or  which  are  less  studied 
and  understood,  than  water.  The  artist,  indeed, 
appreciates  its  value  in  one  respect,  as  an  element 
of  the  picturesque,  capable  of  giving  life  and  splen- 
dour to  the  landscape.  The  lover  of  rural  nature 
[is  also  sensible  of  its  charms ;  whether  it  murmurs 
in  a  brook,  rolls  in  a  foaming  cataract,  or  expands 
into  the  silvery  mirror  of  a  lake.  Hence  the 
Painter  and  the  Poet  have  vied  with  each  other,  to 
celebrate  tliese   emanations   of  creative    kindness. 
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But  higher  and  deeper  thoughts  than  any  which 
external  beauty  can  suggest,  fill  the  mind  that  con- 
templates tlie  internal  constitution  of  this  Protean 
liquid.  Though  in  mass  it  is  incompressible,  and 
able  to  burst  a  passage  through  the  strongest  metal 
or  rock,  yet  its  particles  form  a  Huid  assemblage, 
softer  than  ermine,  and  yielding  to  the  lightest 
touch.  Obedient  to  the  laws  of  gravitation,  it 
enjoys  singular  prerogatives.  Each  invisible  atom 
presses  solely  for  itself,  neither  giving  nor  receiving 
aid  from  its  associates.  It  weighs,  not  only  like 
solids,  from  above  downwards,  but  laterally  and 
upwards,  with  equivalent  gravity.  Possessed  of 
perfect  mobility,  it  never  wearies  in  its  journey,  till 
it  reaches  the  level  plane  of  repose.  Without  shape, 
it  is  susceptible  of  every  figure,  and  the  parent  of 
myriads  of  crystalline  forms.  Capable  of  being 
aggregatetl  in  an  ocean  mass,  yet  renouncing  its 
cohesive  attraction  before  the  feeblest  power,  it 
becomes  divisible  into  the  rarest  exhalation.  It 
exerts  at  one  time  an  impulsive  force,  nearly  irresist- 
ible, before  wiiich  even  the  mountain  bows  its  head, 
and  crumbles  into  dust ;  and  at  another,  it  gives 
way  to  the  light  canoe.  Just  dense  enough  to  float 
the  pine,  and  afford  a  buoyant  highway  for  shij)s,  it 
is  rare  enough  to  permit  the  fleetest  motions  of  its 
finny  tribes.  Had  it  been  more  attenuated,  it  would 
not  have  served  the  navigator  ;  and  if  either  denser 
or  rarer,  in  a  very  slight  degree,  fish  could  not  have 
swam  in  it. 

This  water,  by  its  mysterious  tenuity,  loosens  the 
indurated  soil,  enters  the  invisible  pores  of  plants, 
passes  freely  through  all  their  vessels,  expands  in 
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tlie  filmy  blossom,  and  is  an  elenient  of  the  fleeting 
aroma.  But  these  fluid  particles  can  be  chained 
together  in  the  firmest  cohesion :  in  wliich  state  it 
may  exhibit  either  the  hardness  of  rock,  or  the 
softness  of  eider-down.  Enormous  blocks  of  water 
thus  stand  in  immoveable  columns,  surmounting  the 
loftiest  pinnacles  of  our  globe.  How  diflferent  are 
these  from  the  soft  insinuating  liquid,  which  is  the 
circulating  medium  of  alt  organic  life! 

Let  us  now  search  still  more  minutely  into  the 
mystery  of  water.  In  its  purest  form,  we  view  it 
83  a  compound  of  spherical  atoms  of  oxygen  and 
hydrogen,  not  confusedly  blended,  but  joined  in 
definite  proportions ;  not  placed  in  absolute  contact, 
but  closely  adjoining  each  other  by  select  points  or 
[•poles  of  slight  mutual  attraction.  Hence  these 
all  glide  over  one  another,  so  as  to  pass  through 
microscopic  orifices,  and  recede  at  the  least  inequa- 
lity  of  pressure.  It  is  this  constitution  which  makes 
its  mass  permeable  to  fish  and  floating  bodies.  The 
plain  and  vulgar  element  is  now  seen  to  be  a  most 
urtificial  assemblage  of  the  bases  of  vital  and  inflam- 
mable airs  ;  substances,  in  their  insulated  state, 
endowed  with  no  plain  or  vulgar  properties.  Asso- 
ciated by  chemical  attraction  with  the  element  of 
coal,  the  three  compose  the  concrete  matter  of  the 
vegetable  world,  from  the  heart  of  the  teak  tree,  to 
the  essence  of  the  rose.  If  into  this  triple  alliance, 
be  introduced  azote,  already  spoken  of  as  the  main 
constituent  of  the  atmosphere,  that  fourfold  part- 
nership will  result,  which  constitutes  the  basis  of 
all  animal  substance,  whatever  organic  shape  it  may 
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assume,  muscle,  tendon,    ligament,    nerve,   blood 
vessel,  horn,  hair,  brain,  blood,  or  bile. 

From  this  general  account  of  the  mystery  of 
simple  water,  it  appears,  that  a  curious  volume 
raiglit  be  written  on  its  mechanical  and  chemical 
functions.  But  as  it  exists  in  the  ocean,  it  has  a 
more  complex  nature,  corresponding  to  its  complex 
relations  to  different  orders  of  being.  It  is  imbued, 
first  of  all,  with  saline  ingredients,  which  preserve 
its  liquidity  under  latitudes,  where  the  colds  of 
winter  would  otherwise  have  congealed  it.  But  for 
this  impregnation,  even  Great  Britain  would  have 
been  what  Iceland  now  is.  It  is  the  saline  state 
alone,  which  fits  it  for  the  residence  of  many  fish, 
which  will  not  thrive  in  fresh  water.  Besides  tlie 
substance  usually  called  salt,  it  contains  many  other 
analogous  compoimds,  all  of  which  undoubtedly 
concur  to  beneficial  purposes  in  the  economy  of 
Providence,  though  some  of  them  be  altogether 
undiscemible  by  man.  It  holds  lime  in  the  liquid 
combination  of  a  muriate,  and  perhaps  of  a  sul- 
phate, from  which  the  marine  mollusca  (shellfish) 
extract  that  earth,  and  condense  it  in  the  form 
of  a  carbonate,  into  their  testaceous  coverings. 
Wliether  the  sea,  from  some  of  its  unfathomed 
caves,  replenishes  itself  with  calcareous  matter,  in 
proportion  as  it  is  abstracted  by  shelly  secretion,  or 
whether  it  is  growing  less  calcareous  from  year  to 
year,  are  questions  for  fiiture  chemistry  to  decide. 
Geology  leads  us  to  believe  that  on  the  Mediter- 
ninean  shores,  calcareous  organic  formations  have 
advanced  with  far  greater  vigour,  at  some  remote 
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spoch,  Uian  at  the  present  day.     But  as  an  equal 

activity  now  seems  to  prevail  among  the  West  India 

islands,  and  generally  in  the  intertropical  seas,  the 

^decline  in  Europeiui  formation  may  most  probably 

le  ascribed  to  tlie  refrigeration  of  climate,  which  we 

ihall  show  to  have  been  produced  by  tlie   great 

itastrophe  of  the  Deluge. 

Sea  water  moreover  contains  a  notable  quantity 

if  the  magnesian  earth  in  the  state  ol'  muriate  and 

lulphate,  as  well  as  muriates  of  potash  and  ammonia, 

id  sulphate  of  soda,  with  several  other  substances, 

lie  uses  of  which  in  the  ocean  are  still  unknown. 

Every  common  water  in  its  natural  state,  wJiether 

It  or  fresh,  contains  about  a  fortieth  of  its  bulk  of 

which  it  readily  evolves  cither  by  the  heat  of 

[ebullition,  or  when  placed  in  vacuo.     In  these  cir- 

:umstances,  we  perceive  minute  globules  oozing  out 

•om  every  point  of  the  liquid,  which  when  hberated, 

ise   by  their  innate   lightness  an*!  elasticity,  in  a 

^arly  looking  stream  to  the  surface.     Now  this 

Bquiiied  air  is  the  element  of  respiration,  the  pabw- 

tm    t'iUCf  to  all  bronchial  animals.     The  gills  of 

ish  elaborate  that  liquid  air,  as  tiie  lungs  of  land 

miinals  do  its  elastic  form.     Both  organs  convert 

its  oxygenous  part  into  carbonic  acid,  for  the  sus- 

f-tenance  of  vegetation,  terrestiial  or  submaiine. 

Enough  has  now  been  stated  to  evince,  that  water 

in    its   Hquid  state  is  not  the  uninteresting  inert 

Felement,  which  the  multitude  suppose  it  to  be,  but 

[(that  its  constitution  is  most  refineil  and  intentional, 

(adapted  to  the  manifold  functions  which  it  must 

-discharge  towards  countless  orders  of  organic  and 

inorganic  being.     Its  habitudes  with  heat  are  pecu- 
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liarly  beautiful.  A  certain  energy  of  this  power 
gives  to  water  its  liquid  condition,  in  which,  as 
Already  mentioned,  the  molecular  attraction  is  very 
nearly  neutralised  by  the  repulsive  force.  Had  the 
cohesion  of  its  parts  been  less,  it  could  not  liave 
afforded  the  reaction  requisite  for  the  movements  of 
fishes  and  ships  \  nor  could  man  have  availed 
himself  of  its  impulsion  to  aid  his  feeble  arm  in 
prej)aring  his  food,  clothing,  and  domestic  accom- 
modation. The  same  calorific  agency  wafts  the 
ponderous  liquid  on  the  wings  of  the  wind,  to 
supply  the  organic  inhabitants  of  mountains  and 
plains  with  vivifying  moisture;  or  under  the  guid- 
ance of  mechanic  genius,  it  animates  the  steam 
engine,  the  noblest  offspring  of  science  and  ait,  the 
unwearied  and  docile  servant  of  man. 

The  equilibrium  of  its  mobihly  lies  within  narrow 
bounds.  A  very  moderate  reduction  of  tempera- 
ture restores  the  cohesive  power  *t)  uncontrolled 
dominion,  under  which  the  form  of  water  ceases  to 
exist,  and  might  thus  continue  unknown.  Again, 
had  the  particles  of  water  been  mutually  clastic, 
though  but  in  an  inconsiderable  degree,  the  least 
disturbance  by  winds  or  tides,  must  have  produced 
tremendous  commotions  in  its  mass ;  and  a  floating 
body  would  have  been  alternately  tossed  into  the 
air,  and  plunged  into  tlie  depths,  with  destructive 
violence.  Under  such  circumstances,  the  sea  would 
have  been  an  impassable  gulf,  between  closely 
adjoining  kingdoms,  instead  of  being,  as  now,  a 
thoroughfiire  between  the  most  distant  lands,  the 
element  of  tiie  noble  art  of  navigation.  By  its 
almost  inelastic  and  incompressible  crasis,  the  body 
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f  the  ocean  cannot  resile,  nor  suffer  agitation  beyond 

few  fathoms  from  its  surface,  even  from  the  force 

if  the  hurricane.     In  tine,  the  absolute  passiveness 

>f  water,  and  independent  gravitation  of  its  parts, 

form  its  most  valuable  qualities. 

On  the  third  creative  day,  after  the  watei'S  were 
gathered  into  their  destined  bed,  the  new-formed 

I  earth  was  forthwith  clotiied  with  vegetation,  adorned 
r  with  herbs,  and  fruits,  and  forest  trees.'*     The 
Instantaneous  creation  of  the  vegetable  tribes,  from 
i*  the  herb  yielding  seed  after  his  kind,  to  the  tree 
yielding  fruit,  whose  seed  was  in  itself,  after  his 
.kind,"  does  not  seem  to  have  been  made  a  stum- 
(ling-block  by  the  Botanical  student,  as  the  first 
■rangemeut  of  the  mineral  strata,  has  been  by  tlie 
leologist    Yet  the  cases  are  strictly  parallel.    Nay, 
'iiatever  difficulty  any  imagination   may  have  in 
inceiving  the  brute  matter  of  the  globe  to  have 
len  arranged  at  once  in  crystalUne  and  schistose 
lasses,  it  ought  to  feel  a  much  greater  difficulty  in 
mceiving  the  whole  complex  structure  of  a  fruit  or 
►rest  tree  to  be  simultaneously  produced  from  the 
>ot  to   the  infloresence,  with  all  the   concentric 
lyers  of  wood,  albiu^num,  and  bark,  each  composed 
straight  or  tortuous  fibres  and  tubes  ;  and  not 
formed,  as  we  see  tlicm  now,  by  progressive  deve- 
ipement  and  growth.     The  creation  of  a  perfect 
lant,  the  type  and  parent  of  an  indefinite  series,  is 
Lr  more  wonderful  to  my  apprehension,  than  the 
eation   of  an  inert  terraqueous  spheroid.      No 
btanist  or  Zoologist,  of  sane  reputation,  inculcates 
lat  plants  and  animals  acquired  their  ])erfect  and 
invarying  forms,  througli  successive  organic  depo- 
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sitions  and   catastrophes,   as  geognostic   theorists 
have  taught  witJi  regard  to  the  primitive  structure 
of  the  earth.     What  would  be  thought  of  a  Natur. 
^list  who  should  pretend  to  determine  the  epoch  of^ 
^the  world,  at  which  tlie  different  layers  of  wood  or' 
lene  were  first  formed  out  of  some  primordial  chaoa 
»f  vitality  ;  when  branches  and  Unibs  first  began  tol 
iprout  from  simple   trunks;    when  feathers,  woolf 
and  hair,  tii'st  came  forth  for  the  protection  of  naked] 
animals  ? 

Tlie  third  rotation  of  the  terrestrial  sphere,  waft^ 
'accomplished  amid  a  faint  phosphorescence  of  th^l 
luminiferoua  ether.  But  towanls  its  conclusion,  a] 
kingdom  of  lile  had  been  erected,  which  required 
more  vivid  illumination.  Accordingly  the  next  revo^j 
lution  ushered  in  a  golden  dawn,  the  harbinger 
the  effulgent  Day  Star.  Then  the  Sun  was  fui 
Dished  with  his  phosphoric,  or  light  exciting  robed 
a  superficial  luciferous  film,  which  is  probably  th^j 
only  peculiarity  that  distinguishes  the  structure  of 
bis  body  from  that  of  his  subject  spheres.  Created 
with  the  earth  on  the  first  day,  when  the  law  of  uni 
versal  gravitation  was  ordained  to  govern  HeavenV 
isolated  Orbs,  he,  with  his  brother  stars,  was  not 
the  fourth, 


"  Invested  with  bright  rays,  jocund  to  run 
UU  longitude  through  Heaven's  high  road." 

Our  ancient   record  of  these  events   not  onl 
accords  with  every  scientific  principle ;  but  intut" 
tively  defines  the  new  ftinction  of  measuring  time 
which  the  orbs  were  fitted  to  perform,  when  the(|H 
acquired  their  lucid  exterior.   "  And  God  said.  Let 
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rthere  be  lights  in  tlie  firmament  of  the  heaven  to 
divide  the  day  from  the  night ;  and  let  them  be  for 
signs,  and  for  seasons,  and  for  days,  and  for  years. 
Ami  God  made  two  great  lights  :  the  gre^iter  light 
ito  rule  the  day,  and  the  lesser  light  to  rule  the  night : 
he  made  the  stars  also." 

The  vegetable  tribes  bloomed  for  one  day  in 
i-unenjoyed  beauty  and  fragrance.  But  with  the 
next  rising  sun,  two  vast  classes  of  animal  life,  with 
their  varied  susceptibilities  of  pleasure,  were  sum- 
moned into  existence.  The  waters  were  replenished 
with  all  their  orders  of  vitaUty,  from  the  cold  ele- 
mentary mollusca,  to  the  warm  blooded  whale. 
From  this  period,  too,  commenced  that  deposition 
^of  marine  exuviae  on  the  ocean  bed,  which  after- 
wards exposed  to  the  eye  of  day  by  a  mighty  revul- 
Bion  of  the  waters,  have  afforded  to  the  fossil  student, 
an  exhausiless  mine  of  observation.  The  winged 
inhabitants  of  the  air  were  of  coeval  birth,  and  found 
abundant  supplies  prepared  in  the  waters  and  the 
land,  for  their  respective  wants.  The  eagle  now 
Boared  on  adventurous  wing  round  the  naked  granitic 
peaks,  the  albatross  skimmed  with  unwearied  flight 
the  sparkling  billow,  and  all  the  feathered  songsters 
warbled  in  unison  with  the  Divine  benevolence. 

Fishes  and  Fowls  iu^e  classed  together,  as  the 
creative  work  of  tlie  fifth  day.  Apparently  these 
two  orders  of  animals  have  little  or  nothing  in  com- 
mon* and  hence  some  sciolists  have  sneered  at  the 
collocation  of  Moses.  But  the  true  naturalist 
admires  the  scripture  classification,  because  he  per- 
ceives  many  fine  analogies  in  it. 

Flying  modifies  all  the  actions  of  birds,  swimming 
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those  of  fishes.  In  these  kindred  qualities,  both 
classes  stand  apart  from  quadrupeds,  and  the  other 
land  animals.  Swimming  and  flying  are,  in  truth, 
only  the  same  act  performed  in  different  fluids.  The 
effective  instruments,  organs,  and  movements,  which 
produce  or  modify  these  acts,  are  similar  or  at  least 
analogous.  From  this  remarkable  relation,  we  may 
expect  to  find  many  secondary  analogies  between  the 
habits  of  fishes  and  birds.  The  wing  of  the  bird,  and 
the  fin  of  the  fish,  differ  much  less  from  one  another, 
than  might  be  supposed  at  first  sight ;  and  hence  the 
ancient  Greek  and  Roman  naturalists,  as  well  as  many 
in  later  times,  have  called  them  by  the  same  name« 
Both  present  a  considerable  surface  relatively  to  the 
size  of  the  animal,  which  it  may  enlarge  or  diminish 
at  pleasure.  The  fin,  accommodates  itself  to  these 
expansions  and  contractions,  because  it  is  composed 
like  the  wing,  of  a  soft,  flexible,  membranous  sub- 
stance ;  and  when  it  has  received  the  size  suited  to 
the  immediate  want  of  the  animal,  it  presents  like 
the  wing,  a  resisting  surface,  it  acts  with  precision, 
it  strikes  with  force,  because,  like  the  instrument 
of  flying,  it  is  stiffened  witli  small  cylinders,  solid, 
hard,  and 
with  feathers 

scales,  that  possess  the  same  texture  as  the  feathers 
of  a  bird. 

The  weight  of  birds  does  not  greatly  exceed 
that  of  their  own  b»dk  of  air  ;  the  density  of  fishes 
is  very  little  different  from  water,  especially  that  of 
the  sea.  Birds  are  furnished  with  an  organization, 
which  renders  a  great  volume  very  light.  Their 
lungs  are  largely  developed  ;   great  air  bags  are 
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[placed  ill  the  interior  of  their  bodies  j  their  bones 

are  hollow  and  perforated,  so  as  to  receive  with  ease 

|jnto  their  cavities  the  atmospheric  fluid.     Almost 

ill  fish  have  a  peculiar  bladder,  which  they   can 

ixpand  with  air  at  pleasure,  without  adding  sensibly 

their  weight. 

The  tail  of  birds  serves  as  a  rudder,  and  their 
rings  are  perfect  oars.     The'back  and  belly  fins  of 
ish  may  be  also  compared  to  powers  which  regu- 
Lte  and  direct,  whilst  the  tail  with  its  lengthened 
Ludal  fln,  strikes  the  water,  like  an  oar,  and  com- 
lunicating  iiB])ulsion  to  the  animal,  is  the  main- 
tspring  of  all  its  rapid  movements.     We  may  there- 
Fore  affirm  that  birds  swim  in  the  air,  and  fishes  fly 
the  water.     The  atmosphere  is  the  ocean  of  the 
5t ;  and  the  sea  that  of  the  second.     But  fishes 
snjoy  (heir  domain,  much  more  fully  than   birds  j 
For  they  can  traverse  it  in  every  direction ; — rise 
|to  the  very  surface,  sink  into  the  abyss,  or  repose 
lemsclves  in  any  part  of  the  fluid  itself. 
The  regular  winds  favour  or  modify  the  aerial 
^voyages  of  birds  j  the  currents  of  the  ocean  regu- 
ite  in  like  manner  the  migration  of  its  shoals.    The 
[instinct  of  generation,  which  can  be  satisfied  only 
tCn  coasts,  constrains  tish  at  each  return  of  spring, 
iio  quit  the  deep  ocean,  and  approacli  tlie  shores. 
The  females  arrive  first  to  deposit  on  the  land-banks 
the  burden  of  their  spawn  or  eggs,  and  the  males 
.follow  to   fecundate  them.     Hence  it  is  obvious, 
that  fishes   could  not  have   animated   tlie  watery 
abyss,  which  circumfused  the  globe  before  the  dis- 
['tinction  of  dry  land  and  ocean  existed.     Thus  we 
find  tlie  Mosaic  statement,  strictly  accordant  with 
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one  of  the  most  refined  discoveries  of  Natural 
tory.  Wherever  the  land  presents  the  greatest 
extent  and  variety  of  surface  to  the  sea,  there  the 
fishes  most  abound.  It  is  for  this  reason,  that  the 
great  southern  ocean  is  much  more  sparingly  stocked 
with  fish  tiian  our  northern  seas.* 

The  rural  scene  garnished  with  luxuriant  herbage, 
was  peopled  in  the  beginning  of  the  Gth  day  with 
its  animal  tribes,  from  the  reptile  to  the  elephant  f 
and  then  Man,  the  lord  of  all  the  earth,  was  made 
in  the  image,  and  after  the  likeness  of  his  Divine 
Creator.  Endowed  with  the  faculties  and  desires 
of  celestial  beings,  and  ordained  to  exercise  a  bene- 
ficent dominion  over  all  terrestrial  natures,  he 
reflected  visibly  in  liis  thoughts  and  actions,  I  he 
Invisible  Majesty  of  Heaven,  How  nobly  does 
the  sacred  historian  describe  the  excellence  of  the 
finished  creation,  which  in  its  physical  frame  at 
least,  has  yet  lost  rone  of  its  original  brightness, 
and  is  therefore  equally  fitted,  as  at  first,  to  fill 
the  contemplative  mind  with  holy  aspirations !  AU 
its  parts  dispby  so  clearly  the  work  of  an  almighty 
hand,  as  to  impress  moral  and  reUgious  senti- 
meots,  on  every  unperverted  naturalist.  "  There  is 
no  speech  nor  language  where  their  voice  is  not 
heard,"  pronouncing  in  reason's  ear  the  primeval 
benediction.  "  And  God  saw  every  thing  that  lie  ■ 
had  made,  and  behold  it  was  very  good."  *'  Then 
the  moniing  stars  sang  together,  and  tlie  sons  of 
God  shouted  for  joy.'* 

The  achievement  of  creation,  by  distinct  and 
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independent  acts,  was  performed  on  each  of  six  suc- 
[cessive  days ;  demonstrating  that  it  was  not  the  result 
if  a  blind  necessity,  or  a  spontaneous,  and  therefore 
^continuous,    though  irregular  aggregation  of  cha- 
ttic  atoms.     It  is  thus  kindly  revealed,  that  the 
^eity  operating  with  a  sovereign  liberty,  directs  his 
lAlmighty  Fiat,  where  and  when  it  seemeth  good. 
As   in  making   the    world   by   his   volition  alone, 
be  shows  that  nothing  can  resist  his  power,  so  in 
forming  it,  at  several  periods,  he  proves  that  he  is  the 
[aole  disposer  of  matter  in  all  its  modes  of  existence. 
To  the  well  being  of  man,  the  activity  of  his 
jpowcrs  is  essential.     A  lesson  of  daily  industry  is 
[clearly  incidcated  in  the  recital  of  the  six  demiurgic 
or  creative  days  ;  and  a  lesson  of  devout  meditation 
ps  as  plainly  taught  on  the  seventh,  the  day  of  rest, 
[blessed  and  sanctified  by  Ctod  himself.     By  these 
[alternate   employments,    bodily   and    intellectual, 
secular  and  religious,  man,  while  obedient  to  his 
Heavenly  Monitor,  reached  the  highest  perfection  of 
this  nature.     His  knowledge  was  co-extensive  with 
'his  dominion  ;  and  charity  was  paramount  over  all. 
The  properties  of  every  terrestrial  object  seem  to 
[have  been  intuitively  recognised.     Tims  when  the 
[mibject  animals  passed  with  meek  aspect  in  review 
'before  him,  he  discerned  the  nature  of  each,  and 
[denoted  it   by  a   significant   appellation.     **  And 
whatsoever  Adam  called  every  living  creature,  that 
was  the  name  thereof,"   The  garden  of  Eden  in  all 
its  luxuriance  of  foliage,  flowers,  and  fruit,  was  con- 
signed to  his  care.     Being  appointed  to  dress  it, 
and  keep  it,  he  must  evidently  have  possessed  a 
Icnowledge  of  the  habits  and  qualities  of  plants. 
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CHAP,  v.— PRIMITIVE  FORMATIONS. 

The  very  accurate  astronomical  observations  and 
measurements  made  by  the  late  Dr.  Maskelyne,  on 
the  opposite  sides  of  the  lofty  mountain  SchehalHon 
in  Perthshire,  to  ascertain,  by  the  deviation  of  tlie 
plummet  from  thepeqjendicular,  the  relative  attrac- 
tion of  the  mountain  and  the  earth,  and  conse- 
quently the  comparative  pra\'ities  of  the  matter 
composing  them,  lead  to  the  conclusion,  that  the 
mean  density  of  our  globe,  is  greater  tlian  tliat  of 
Schehallion,  in  the  ratio  of  9  to  5.  Now,  as  the 
component  rocks  of  that  mountain  are  considerably 
denser  than  the  average  of  those  which  fonn  the 
crust  of  the  earth,  it  apjiears  that  the  interior  sub- 
stance of  the  globe  must  be  vastly  denser  than  that 
of  its  outermost  shell.  In  the  actual  figure  of  the 
earth,  theelli])tieity  or  the  compression  is  about  ^, 
tlxat  is  the  equatorial  diameter  is  to  tlie  polar  as  31*^ 
to  311  ;  hut  the  general  contour  is  very  irregular 
l)oth  in  density  and  form,  as  has  been  already  shown. 
Play  fair  justly  infers,  that  the  approximation  which 
tlie  figure  of  the  eailh  has  made  to  the  spIiLToid  of 
equilibrium,  cannot,  in  a  consistency  witli  other 
ap]>earances,  be  ascribed  to  its  having  been  once  in  a 
rtuid  state.  "The  only  action  of  water,"  (in  giving 
shape  to  the  earth,)  "  of  which  we  have  any  distinct 
evidence  in  the  natural  history  of  tlie  globe,  is  par- 
tial and  local,  and  therefore  insufKcient  to  account 
for  the  spiieroidical  figure  of  the  eartli."* 

From  the  whole  of  these  observations,  we  aire 
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warranted  to  conclude,  that  the  eartli  was  origin- 
ally created  in  perfect  wisdom,  of  the  density  and 
shape  bcftt  adapted  to  the  equilibrium  of  rotation, 
which  its  ten-aqueous  surface,  and  relations  to 
organic  life  required-  It  could  not  have  spontan- 
eously worked  out  its  actual  and  only  beneficial 
form,  according  to  any  geological  hypothesis,  that 
has  ever  been  advanced. 

The  mean  density  of  tl»e  interior  parts  of  the 
earth,  being  more  than  five  times  greater  than  the 
water  of  the  ocean,  we  cannot  recognise  tlie  exist- 
ence of  any  mighty  vaults  beneath  its  surface,  into 
which  the  waters  of  the  abyss  could  subside.  We 
are  hence  forced  to  conclude,  that  tl»e  dry  laiul 
appeared,  or  came  forth,  by  the  agency  of  interior 
eruptive  forces,  which,  in  producing  tli^  mountain 
lands,  and  marine  excavations,  gave  superficial 
irregularity  to  the  spheroid.  Of  the  protrusive 
action  of  internal  fires  among  the  primitive  strata, 
the  whole  of  its  surface  bears  undotd)ted  marks, 
which  it  is  the  object  of  tlie  present  cha]>ter  to 
describe.  Farther  details  are  given  Book  III. 
Chap.  ii» 

Chemical  science  demonstrates  that  the  crust  of 
tlie  earth  consists  mainly  of  six  substances,  silica, 
or  the  matter  of  rock  crystal,  alumina,  or  pure  clay, 
iron,  lime,  magnesia,  and  potiisli,  SiJica,  in  the 
Trystalline  form,  is  called  quartz,  and  is  a  large 
constituent  of  the  primitive  mountains,  Granite, 
Gneiss,  and  Mica-slate. 

The  Micaceous  ingredient  of  these  rocks,  is  com- 
posed of  W  of  silica,  Q.2  iron-oxide.  Hi  clay,  lO 
potash,  and  9  mtignesia.     The  fielspar  ingredient  of 
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granite  and  gneiss,  consists  of  60  silica,  22  clay,  and 
14  potash. 

The  third  of  the  primitive  stratiform  rocks,  is 
clay-slate,  or  roofing-slate.  It  aflbrds  by  analysis, 
49  silica,  23  clay,  1 1  iron-oxide,  and  5  potash. 

If  to  these  four  bodies,  quartz,  mica,  felspar,  and 
clay-slate,  called  simple  minerals,  because  they  are 
of  homogeneous  aspect,  we  add  hornblende  and 
augite,  we  shall  have  before  us  the  principal  mine- 
ral constituents  of  the  primitive  shell  of  the  globe. 

Hornblende  consists  essentially  of  42  silica,  30 
iron-oxide,  12  clay,  and  11  lime  ;  and  augite  of  54 
ailica,  22  lime,  12  magnesia,  and  10  iron-oxide. 

Thus  we  see  that  silica,  clay,  lime,  magnesia, 
iron-oxide,  and  potash,  constitute  by  far  the  greater 
portion  of  the  hard  materials  of  the  earth,  as  tar  as 
it  has  been  explored. 

Quartz,  felspar,  and  mica,  blended  in  distinguish- 
able crj'stalline  grains,  constitute  (jranite. 

Quarts,  felspiu-,  and  mica,  in  crystalline  scales 
or  spangles  constitute  Gneiss. 

The  Mica-slate  formation  consists  of  tlie  mineral 
of  that  name  ;  interspersed  with  masses  of  quartz. 

Clay-slate  rock  is  also  the  mineral  of  that  name, 
inters|>ersed  occasionally  with  layers  of  quartz. 

ITie  mountains  of  Nienite,  Porphyry,  Homblende- 
slate.  Greenstone,  and  Basalt,  are  composed  chiefly 
oi'  tile  nnneraLs  hornblende,  augite,  and  felspar 
variously  mixed  in  form  and  proportion. 

Such  is  a  general  outline  of  the  substances  which 
form  tlie  primitive  mountain,  and  table-land  edi- 
lioes  of  the  terrestrial  spheroid.  Reduced  to  their 
utmost   state  of  simplicity,   they  become,  in  the 
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iiids  of  tlie  analytical  chemist,  die  combustible 

lements  ;   silicon^  aluminum,  calcium^  magnesium, 

potassium,  iron;  a  mixture  of  which,  at  common 

temperatures,  on  coming  into  contact  with  water  or 

moist  air,  would  cause  fire  and  explosion  ;  and  if 

le  quantities  were  great,  earthquakes  and  volcanic 

uptions  would  ensue  of  conunensurate  magnitude. 

Tliat  silica,  and  its  associated  bases,  which  are 

»3ddized  at  the   siu'face   of  the   earth,  and  thus 

leprived  of  their  elementary  activity,  exist  at  a 

loderatc  depth  beneatli  that  surface,   devoid  of 

[oxygen,  in  the  state  of  simple  combustibles,  there 

little  reason  to  doubt.     The  ])henomena  of  earth- 

ikes  and  volcanoes  lead  plainly  to  this  conclu- 

lon.     The  heat  obsen-'ed  in  subterranean  regions, 

irogressively  increasing  as  we  descend,  renders  it 

irther  probable  that  these  combustible  elements 

fxiat  there  in  a  fluid  state  ;  an  effect  which  woultl 

[result  from  a  very  moderate  heat-,  one  greatly  infe- 

[rior  to  what  is  requisite  for  the  fusion  of  tlieir 

LOxides. 

The  primitive  envelope  of  tlie  globe,  seems  to 
have  originally  consisted  of  concentric  strata  of 
Fgneiss,  mica-slate,  and  clay-slate,  wdtli  partiid  layers 
'of  semi-crystalline  lijnestone  ;  for  such,  with  a  few 
inconsiderable  exceptions,  constitute  its  rocky 
crust,  and  are  spread  over  all  its  regions.  Tliese 
coats,  however,  no  longer  lie  in  layers  concentric 
with  the  spheroid,  but  are  thrown  up  into  nearly 
vertical  planes,  and  transpierced  in  many  points  by 
towering  masses  of  granite  and  poq)hyry. 

On   the   primordial  s])heroid   covered    with    its 
illimitable  ocean,  these  stratiform  coats  lay  in  hori- 
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zontal  planes  j  but  with  the  gathering  together  ol 
the  waters,  on  tlie  emergence  of  the  land,  tliey  were 
heaved  np  abniptly  into  the  nearly  vertical  tables, 
in  which  they  now  universidly  stand.  This  remark- 
able position  corresponds  to  the  eruptive  violence' 
that  caused  it.  From  tiie  shoulders  and  flanks  of 
the  stupendous  granite  peaks,  mantles  of  gneiss  and 
mica-slate  depend  in  magnificent  drapery.  These 
scliistose  coverings  are  arranged  near  the  summit  in 
folds  almost  upright,  which  lower  down,  become 
sloped  off  with  clay-slate  and  limestone,  into  a 
gentle  declivity.  The  coats  of  gneiss  are  oflen 
contorted  into  the  most  singular  flexures  of  rock 
scener)',  demonstrating  a  certain  pliancy  of  texture 
at  the  instant  of  erection  ;  residting  either  from  the 
moisture  out  of  which  it  rose,  or  tlie  softening  influ* 
ence  of  subterranean  fire. 

The  wood-engraving  at  the  bottom  of  this  page, 
taken  from  D'Aubuisson,  represents  the  usual  struc- 
ture of  the  ])rimitive  mountains.  It  is  impossible  for 
an  unbiassed  mind  to  contemplate  this  sketch,  given 
by  a  Wemerian  geologist,  without  seeing  its  entire 
conformity  with  the  eruptive  mode  of  formation. 


4.      3.  a  I.  8.  3,   q.  4 

Tl)c  middle  mass  (1 )  is  granite,  bearing  up  between    M 
its   central  peaks,  a  portion   ((»)   ot^  the  schistose 
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ita,  which  are  sloped  in  opposite  directions.    Q,  % 

•e  the  flanking  phmes  of  gneiss  ;  8,  3,  mica-slate. 

a  great  bed  of  quartz,  subordinate  to  the  roica- 

late,    which   being   more   refractory,    before   the 

eather,  has  been  less  worn  away  than  the  includ- 

ig  micaceous  beds,  and  surmounts  them,     4,  4, 

■e  clay-slate  beds  under  a  more  gentle  slope.     5, 

111  overlying  protruded  mass  of  porphyry.     Above 

',  a  portion  of  a  secondary  mineral  stratum  is  seen 

lying,  almost  horizontally,  over  the  upright  etlges 

if  the  clay-slate,  demonstrating  their  independent 

md  subsequent  formation. 

Granite,  gneiss,  inica-slate,  clay-slate,  and  prob- 

(lyall  primitive  as  well  as  the  largest  of  secondary 

Forrantions,  are  of  general  extent ;   a  conclusion 

established  by  the  identity  of  nature,  structure,  and 

lineral  locahty  of  the  different  portions  of  each  of 

them  observed  in  the  different  regions  of  the  earth. 

*hus,  for  example,  in  all  the  countries  of  Europe, 

isia,  Africa,  and  America,  into  which  geologists 

lave  travelled,   they  find  a  similar  granite  every 

'^'here  in  amorphous  (shapeless)  masses,  composed  of 

grainsof  (|uartz,  mica,  and  felspar,  almost  in  ihesame 

proportion,  and  of  the  same  aspect    A  similar  mica- 

date  is  ever)'  where  found,  consisting  of  mica  and 

quartz,  possessing  in  all  regions  the  same  structure, 

often  imbedding  garnets,  and  having  a  like  mineral 

position.     Now,  as  nothing  indicates  these  several 

granites  and  mica-scliists  of  opposite  hemispheres,  to 

be  the  offspring  of  local  or  partial   causes,  it  is 

natural  to  regard  them  as  the  results  of  one  mighty 

cause,  the  members  of  a  systematic  whole,  the  design 

and  execution  of  one  architect. 
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Obsenations  made  in  the  Alps,  in  the  eniiroi 
of  Genoa,  in  the  Ficlitelberg,  in  the  Cordillera 
Venezuela,  &c.  induced  M.   Humboldt  to  rcgi 
the  planes  of  the  stratification  of  the  earth,  as  foi 
^ing  an  angle  of  about  52°  with  its  meridian  sections 
On  comparing  all  the  observations  of  this  kind  mi 
in  France,  Switzerland,  and  Germany,  we  recognis 
a  pretty  general  direction  from  west-soutli-west  to^ 
east-north-east.     These   considerations   indicate 
general  cause  of  the  direction  of  the  strata,  cotK] 
nectcd  with  their  original  elevation. 

The  mean  inclination  of  the  schistose  strata  ia 
the  Alps,  is  from  50*  to  70''.  Humboldt  states  that 
'mountain  acclivities  may  be  reckoned  considerable! 
when  their  angle  is  7°  or  8***  which  is  the  maxi- 
mum for  carriages  ;  tliat  they  are  steep  at  15%  which' 
is  the  maximum  for  loaded  beasts  of  burden  ;  that' 
an  inclination  of  35°  is  too  great  for  a  man  to  climbi 
iwithout  cutting  steps  in  the  rocks ;  and  that  even 
when  aided  by  steps,  an  inclination  of  more  than 
44°  is  verj'  difficult  to  scale.  From  the  above  sloping 
measures  of  mountains,  we  may  judge  under  what 
an  overpowering  inclination  (OO"  or  70%)  the  strati- 
form facades  of  gneiss  and  mica-slate  must  strike 
the  eye  of  an  observer-     See  Figure,  p.  92.  ■ 

Should  doubts  be  still  entertained  whether  an 
interior  eruptive  tbrce,  exercised  on  a  general  scale, 
be  ade<{uate  to  raise  horizontal  strata,  into  the  nearly 
vertical  angle  observed  in  the  Alps,  the  Highlands  M 
of  Scotland,  and  otJier  primitive  ranges,  the  follow- 
ing remarks  of  an  accurate  observer  may  remove 
them,  "  The  formations  of  Calabria,"  says  Brog- 
niart,  "  have  been  fur  38  years,  the  theatre  of  fearful 
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perturbations.  Horizontal  beds  have  been  raised  to  a 
perpendicular  position  ;  entire  masses  of  deposits 
have  been  transported  to  a  great  distance,  and  have 
been  placed  in  unconformable  stnitification  upon 
other  deposits,  and  yet  no  geologist  could  regard 
these  masses,  and  these  deposits,  as  belonging  to 

Fifferent  geo^nostic  epochs."— £rf/n.  Phil.  Journ, 
oL  viii.  p.  229. 
Some  facts  of  sublimer  interest  have  been  lately 
presented  by  M-  Von  Buch  in  his  admirable  geo- 
logical sketches  of  the  Tyrolese  Alps.     "With  his 
haracteristic  intrepidity  and  patience,"  says    M. 
Jiuraboldt  the  occasional  companion  of  his  travels, 
'^^*  he  clambered  more  than  1400  feet  high,  along  the 
edge  of  a  nearly  vertical  escarpment,  to  trace  the 
junction  Hne  of  limestone  reposing  on  an  upheaved 
■wall  of  granite.     The  phenomenon  is  truly  of  the 
eruptive    class.      The   granite   has   pushed    itself 
through  the  supeijacent  rocks  ;  there  is  first  appo- 
siiiont  and  then  superposition  of  the  limestone  on 
the  granite.     It  would  be   difficult   to   doubt    of 
the  granite  having  acted  on  the  calcareous  strata,  and 
of  having  rendered  it  granular,  as  the  true  volcanic 
rocks   are  known  to  do," — Annales  de  Chim,   ei 
Phys.  tom.  xxiii.  p.  20S, 

•*  It  is  not,"  says  Von  Buch,  '*  an  insulated  rock 
of  augite  porphyry,  it  is  the  entire  surface  of  a  pro- 
\ince  which  has  here  been  visibly  upheaved  to  the 
day  (c'e*^  la  surface eniiire  d'um povince  qui  sejait 
jour),  I  doubt  not  that  the  noble  cupola,  formed 
by  the  mountains  of  porphyry  between  Meran 
and  Clausen,  owes  its  elevation  to  the  augite  rocks, 
which  have  pierced  entirely  through  the  valley  of 
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Fassa,  where  they  met  with  less  resistance.  The 
great  chasms  of  Sarenthal  and  Eysack,  between 
Colhnan  and  Bot/en,  change  the  natural  suite  of  these 
elevations,  into  vaulted  domes  from  a  mass  originally 
horizontal.  A  vault,  stretched  over  a  great  space^ 
would  obviously  break  and  form  fissures  of  a  bold 
and  deep  character,  such  as  we  observe  in  all  the 
valleys  of  the  Tyrol,  above  Bot/en. 

"  Many  years  ago  I  M^as  led  to  conclude  that  the 
whole  chain  of  the  Alps,  at  least  all  the  calcareous 
districts,  owed  their  elevation  to  the  augite-rock 
formation ;  and  1  am  satisfied  that  none  will  deny 
this  conclusion,  who  study  with  care  the  southern 
portion  of  the  Tyrdl.  This  augite  formation  has 
broken  all  the  beds  which  opposed  its  emergence; 
forming  a  kind  of  enormous  vein,  whose  direction 
is  that  of  the  mountain  ridge.  It  first  lii'ts  up  or 
transpierces  the  red  porphyries,  then  the  sandstones, 
next  the  calcareous  beds,  which  are  transformed, 
twisted,  and  set  upright,  in  the  most  diversified  and 
singular  manner.  These  eruptive  forces  have  ope- 
rated through  the  greater  portion  of  the  limestone 
Alps  of  Switzerland ;  but  they  may  be  most  dis- 
tinctly seen  in  studying  tlie  constitution  of  the 
mountains  of  Mendola,  opposite  to  Botzeu.  Here 
a  model  is  presented  of  the  whole  calcareous  chain 
of  the  Alps.  The  Tyrol  may  indeed  be  regarded 
as  a  key  to  the  theory  of  the  Alpine  formations." 

How  has  it  happened,  says  M.  Von  Buch,  that 
magnesia  could  penetrate,  traverse,  and  change  the 
nature  of  calcareous  rocks,  several  thousand  feet 
high,  to  form  along  with  them  a  rock  uniform 
throughout  its  total  mass  ?   The  calcareous  rocks 
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themselves  contain  no  magnesia,  as  the  analysis  by 
Gmelin  of  the  limestone  of  Vigo,  in  the  valley  of 
J'assa^  proves.  It  must  therefore  come  from  some 
other  source,  and  it  is  natural  enough  to  believe  that 
;he  erupting  augite  furnishes  the  magnesia,  which 
[is  one  of  its  constituent  parts. 

I  conceive  that  I  have  discovered,  in  the  environs 
[of  Trent,  the  march  of  nature  in  this  operation  j 
a  inarch,  which  appeared  so  evident  at  the  moment 
;of  observation,  that  1  felt  the  liveliest  satisfaction, 
[which  ever  inspired  me  during  my  long  wanderings 
long  the  Alps-     When  we  arrived  at  Trent,  oppo- 
ite  to  the  great  recess  in  wiiich  the  valley  of  Sugana 
ikes  its  rise,  we  were  struck  with  the  extraordinary 
Form  of  two  insulated  mountains,  which  stand  up 
behind  one  another. 
The  first  in  a  round  and  pointed  cone,  resembles 
volcano.     It  bcais  on  its  summit  a  small  chapel, 
hence  it  derives  the   name  of  Doaso  di  Santa 
\gatha.     The  second  loftier,  but  equally  needle- 
Formed,  is  called  the  mountain  of  La  Celva.     At 
leir  foot  is  placed  on  one  side  the  village  oi  Pante^ 
id  on  the  other  that  oiOltre  Castdlo,  On  approach- 
ig  the  cone  of  Santa  Agatha^  we  perceive  that  a 
trtion  of  the  slope  towards  the  town  forms  merely 
mass   of  rubbish    of  a   dazzling   white.     Here, 
forkmen  are  busy  sifting  the  mass  of  which  the 
[mountain  is  composed,  and  separating  from  it  sands 
of  different  sizes  ;  an  operation  which  appear*  singu- 
liar  enough  on  the  declivity  of  a  calcareous  moun- 
iain  of  nearly  vertical  strata.     If  we  wish  to  get 
|:a  sound  specimen  of  this  limestone,  we  can  never 
succeed  j  for  the  pieces  instantly  fall  asunder  in  the 
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linea  of  the  fissures  that  traverse  it  in  ev 
direction.  Large  lumps,  though  broken  into  small 
morsels,  the  size  of  a  nut,  do  not  sliow  the  least 
appearance  of  a  fresh  fracture.  It  is  astonisliing, 
to  trace  the  degree  in  which  this  mountain  is 
cracked  and  cleft ;  and  still  more  so,  to  examine 
^the  surface  of  these  fissures.  They  are  every  where 
covered  with  small  rhombohedrons,  which  some- 
times present  their  faces,  at  others,  their  edges  and 
their  angles.  These  rhomboids  are  crystallized  doU 
omitc  (^magncsian  limestone).  The  masses  of  augite 
rock  which  are  the  causes  of  so  extraordinary  a 
change,  are  not  far  ofl'.  They  are  seen  at  tlie  foot 
of  the  hill  of  Santa  Agatha ;  they  cross  tlie  gorge 
of  the  FershWf  and  re-appear  on  the  great  road,  in 
the  very  village  of  Cognola.  They  constitute  black 
coloured  bails  with  concentric  coats,  and  a  solid 
, nucleus  of  augite  greenstone  or  basalt. 

M.  Von  Buch  has  given  a  drawing  of  LangkqfeU 
a  mountain  of  Dolomite  in  the  valley  of  Groden 
in  the  Tyrol,  of  very  singular  aspect.  One  can 
hardly  imagine  how  such  an  obelisk  could  protrude 
itself  through  the  strata,  and  rise  up  alone  to  a  ver- 
itical  height  of  KKX)  feet.  It  is  entirely  inaccessible, 
and  even  the  boldest  chamois  can  hardly  find  on  it 
a  blade  of  grass  to  browse.  Here  we  behold  a  vast 
pyramid  of  snow-white  semi-crystallized  magnesian 
limestone,  standing  alone  above  the  dark  green 
base  o£  augite  porphyry.  Towards  the  right,  the 
nearly  horizontal  limestone  strata  are  observable 
which  contributed  their  calcareous  matter  towards 
I  the  formation  of  the  dolomite.  From  an  extensive 
induction  M.  Von  Buch  concludes  that  the  augite 
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porph}ry  can  transform  into  dolomites  any  calca- 
:ou3  bed,  which  it  may  chance  to  traverse  under 
itable  conditions,  whether  that  bed  be  the  lime- 
;one  crag,  or  of  the  oolitic  series  of  Jura. 
Below  the  place  calledJSotto  i  Sassi  in  the  valley 
Fassa  there  are  some  striking  eruptive  phenomena, 
ere  the  raising  of  a  particular  rock  is  not  the 
[uestion  ;  but  of  the  total  mass  of  the  mountains, 
id  conseijuently  an  extensive  territory.     In  fact, 
?tfie   strata  of  red  sandstone   and  shell   limestone 
>ccixr  in  such  abrupt  positions,  and  at  such  diAerent 
leights,  that  we  try  in  vain  to  refer  all  tliese  separate 
►rtions  to  a  general  level,  or  even  to  a  common 
iclination,  from  their  elevation  of  more  than  7500 
set  above  SaitU-Pelkgrin,  to  that  of  900  feet  above 
iliem  and  Tramin,     But  wherever  these  sand- 
itones,and  calcareous  beds,  present  such  lofty  escarp, 
lents,  they  are  crowned  with  Dolomite,  in  which 
(6  we  are  at  no  loss  to  discover  somewhere  at 
land,  the  augite  rock  whicli  has  raised  them.     It 
'thence  appears  natural  to  conclude  that  all  these 
beds  have  been  elevated  by  the  augitic  porphyry,  as 
ijvell  as  the  dolomite,  especially  since  we  can  hardly 
xronceive   how   the   porphyry  could   pierce   them 
without  pushing  them  up,     A  proof  of  this  pene- 
tration   is   given   in  the   geological  profile  of  the 
Duron  ;  where  that  prodigious  variety  of  level  and 
facade  are  seen  which  accompanies  masses  violently 
erupted.    Reflecting  on  the  effects  of  these  upheav-. 
ings,  we  shall  be  less  surprised  to  meet  with  petri- 
factions of  anomi4B  in  the  sandstones  and  calcareous 
beds   8000  feet  high  near  Sasso  in   Val  Freddn. 
These  petrifactions,  prior  to  the  eruptive  catastrophe 
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were  placed  far  below  the  level  of  the  seas*  These 
elevations  belong  therefore  to  jieriods  subsequent  to 
the  emergence  of  the  primeval  land  ;  and  are  intro- 
duced by  me  here  merely  to  prove  the  cause  and 
manner  of  that  emergency. 

On  reflecting  on  these  striking  facts,  we  must  not 
forget  that  the  calcareous  ejections  of  Vesuvius  are 
also  constantly  composed  of  granular  dolomite. 
Their  aspect  alone  shows  their  nature  j  and  the 
chemical  analyses  of  Smithson  Tennant,  and  Leo- 
pold Gmelin,  fully  confirm  this  indication  from 
external  character.  Entirely  analogous  phenomena  ^ 
are  presented  in  the  environs  of  Rome,  on  the  V 
borders  of  the  lake  of  Albano  •,  the  peptTttw  (an 
indurated  volcanic  tuflk)  is  replete  with  blocks  of^ 
dolomite  of  a  dazzling  whiteness.  The  limestones  ~ 
of  \^esuvius  are  cleft  and  spht,  like  the  dolomites  of 
Fassa.  These  dolomites  are  not  confined  to  that 
Alpine  valley;  but  they  are  to  be  found  every  where, 
and  under  every  form,  between  Pusterthal  and  the 
frontiers  of  Italy.  They  surround,  like  rocky 
islands,  with  peaks  of  prodigious  elevation,  the  upper 
part  of  the  valley  of  Groden  and  Wolkenstein  ;  and 
thence  stretch  far  and  near,  over  many  a  valley  of 
augitic  greenstone,  or  py  roxenic  porphyry. — Afwales 
de  Chivi.  et  de  Phys.  xxiii.  71. 

Having  premised  these  general  observations,  I 
shall  give  a  particular  description  of  each  of  the  three  »| 
great  primitive  envelopes  of  the  e^rth. 

1.  Gneiss. — As  this  schistose  body  serves  no 
particular  purpose  in  the  arts  of  life,  it  attracted 
little  attention  till  in  the  progress  of  modern  geology, 
the  importance  of  its  scientific  relations  appeared. 
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''The  name,  gneiss,  was  the  technical  term  by  which 

[the  miners  of  Freyberg  distinguished  the  roof  of 

their  veins,  when  it  was  altered,  and  of  a  steatitic  or 

;reeuish  appearance,  whatever  might  be  its  mineral 

[nature,  whether  granite,  porphyry,  mica-slate,  or 

luj-  actual  gneiss.    The  little  treatise  of  Werner,  on 

le  classification  of  rocks,  which  appeared  in  17S7» 

[Snally  fixed  the  acceptation  now  attached  to  the  word 

;neiss.    He  describes  gneiss,  as  a  rock  composed  of 

[felspar,  quartz,  and  mica,  immediately  adhering  to 

ich  other,  possessing  at  once  a  granitic  and  a  schis- 

ise  texture.     The  felspar  and  the  quartz  occur  in 

'ains    aggregated    together,   which   produce   the 

;ranitic  structure.     These  aggregates  are  assembled 

in  small  plates,  betwixt  which  intervene  scales  of 

tjnica.     In  this  way,  the  slaty  texture  is  produced. 

tGneiss  differs  from  granite  not  only  in  texture,  but 

[also  from  containing  commonly  a  greater  proportion 

jOf  mica;    to  the  abundance  of  which  mineral,  it 

»wes  its  foliated  aspect.     Felspar  is  the  predomi- 

lating  principle  in  gneiss,  especially  in  the  deepest 

teated  strata ;  though  it  is  in  less  quantity  than  in 

granite,  relatively  to  the  two  other  ingredients.    It 

[occurs  in  grains  of  middle  size,  or  even  very  small, 

[and  of  a  white  or  grayish-white  colour.     The  quartz 

^  for  the  most  part  in  smaller  grains.     It  has  a 

itreous  aspect,  and  an  ash-gray  colour.     The  mica 

»f  gneiss  is  in  small  spangles,  often  distinct ;  but 

^sometimes  intimately  attached  to  each  other,  so  as 

'to  form  continuous  leaves  of  moderate  size.  Its  most 

*lisual   colour  is  gray,  which  passes  often  through 

every  shade  to  black.     To  its  diHerences  the  chief 

variations   in   the   appearance  of  gneiss  are  due  j 
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because  this  rock  splitting  always  in  the  line  of 
these  leaflets,  has  its  fragments  coated  with  them. 
Gneiss  frequently  contains  crystals  of  hornblende. 

Garnet  is  the  mineral  most  commonly  included 
in  gneiss,  occurring  thus  in  tlie  north  of  Europe,  in 
Norway,  and  in  Greenland,  where  the  crystals  are 
oflen  as  large  as  a  nut,  and  in  prodigious  number. 
Humboldt  remarked  them  in  great  quantities,  both 
red  and  green,  in  the  gneiss  of  America,  particularly 
at  the  Caracas. 

Gneiss  is  very  distinctly  stratified,  and  whenever 
it  reposes  on  a  granitic  mass,  it  wraps  itself  round 
it,  and  follows  its  sinuosities. 

It  is  the  rock  which  contains,  at  least  in  Europe, 
mast  metallic  substances.  There  is  hardly  one 
which  has  not  been  found  in  it,  and  in  such  abun- 
dance as  to  become  an  object  of  mining.  The 
metallic  ores  are  sometimes  in  veins,  but  more 
commonly  in  beds.  Gold  is  found  in  it  in  Dauphiny, 
at  the  foot  of  Monte-Rosa,  and  in  the  territory  of 
Salzburg.  The  threads  and  veins  of  the  mountain 
of  Chalances,  near  Allemcmt,  that  afford  silver, 
cobalt,  antimony,  &c.,  are  in  gneiss.  Tliis  rock, 
in  the  Vosges,  includes  many  metals.  In  the  gneiss 
of  Auvergnc,  threads  of  lead,  silver,  and  antimony 
occur.  At  Freybcrg,  as  also  in  Bohemia,  rich  and 
celebrateil  mines  of  silver,  lead,  &c.,  are  worked. 
The  famous  copper  mines  of  Fahlun  in  Sweden 
occur  in  the  same  rock.  It  contains  iron  ore  in 
profusion  ;  as  in  the  iron  mines  of  Scandinavia,  at 
Dannemora,  Utoe,  and  Arendal. 

In  America,  according  to  Humboldt,  gneiss  is 
much  less  metalliferous. 
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Gneiss  is  the  predominating  rock  of  Norway,  and 

wi'  all  the  north  of  Europe-     It  abounds  iu  the 

fcSouthem  Alps,  and  the  Pyrenees ;  in  Greece ;  in 

Ithe  United  States  of  America ;  and  in  the  south 

[of  that  continent,   it  reigns  paramount  over   tlie 

►ilieBt  chains  of  tlie  Andes  of  Quito.     Humboldt 

)bserv'ed  it  also  in  the  mountains  of  Parama  and 

''enezuela. 


This  figure  represents  flexureB  in  the  gneiss  beds  of  Bernera,  an  island 
the  Lewis;  from  Macculloch's  Wetttern  Islands, 

^.  Mica  Schist  is  a  rock  of  a  slaty  textiye, 
composed  of  mica  and  quartz.  The  mica  abiiost 
^always  predominates,  at  least  it  is  the  most  apparent- 
[t  is  commonly  gray,  sometimes  bordering  upon 
rellow,  more  frequently  on  green,  in  which  case 
approaches  to  talc.  Here  it  is  not  in  spangles, 
in  granite,  or  in  separate  scales  as  in  gneiss. 
'he  plates,  or  imperfect  crystals,  are  almost  always 
blended  or  run  together,  that  the  whole  forms 
continuous  leaf-bke  pellicles.  The  quartz  has  ita 
^ordinary  gray  colour  and  vitreous  aspect ;  it  is  in 
■small  plates  of  a  nearly  lenticular  form,  and  inter- 
posed Hatly  between  tlie  leaflets  of  mica.  These 
lens  like  pieces  are  often  pretty  thick,  even  half  an 
inch  iu  their  centre,  or  become  sometimes  nearly 


tOJ. 


BOOK 


-CHAP.  V,-PRIM1T1VE  ROCKS. 


I 


globular.  Tlie  leaflets  of  mica  are  always  v 
round  them  ;  and  when  we  break  schists  of  this 
kind,  as  they  always  cleave  in  the  middle,  tliese 
halls  or  nodules  of  quartz,  st;ind  out  on  tJie  frag- 
ment, and  present,  under  tlie  lilm  of  mica,  a  re- 
semblance to  tumours  on  the  skin  of  an  animal. 
At  other  times  the  grains  of  quartz  are  so  small, 
and  so  enveloped  in  the  micaceous  matter,  tliat  they 
caiinot  be  discerned  ;  in  wliich  case,  the  rock  seems 
to  consist  entirely  of  mica.  | 

The  mica  passes  frequently  into  talc,  and  the 
mica-schist,  into  t;ilc-schist.     One  of  the  most  strik- 
ing examples  of  this  transition  is  in  Auvergnc,  near 
iSaint-Sernin,  on  the  road  from  Mauriac  to  Auril- 
lac.       The    mica-schist   there   graduates,    without 
changing  even  its  colour,  into  a  talcous  schist,  so 
unctuous  to  the  touch,  tliat  if  the  rock  slope  ever  h 
so  little,   it  is  difficult  to  stand  upright  upon   it,  V 
The  foot  slides,  as  if  it  were  rubbed  over  with  soap. 
On  the  southern  slope  of  tlie  great  Alps,  from  fl 
Monte-Rosa   to    Mont    Blanc,    the    predominant 
rock  is  talcous  schist,  but  it  becomes  at  inter\'als 
mica-schist,  and  exhibits  all  its  geognostic  chani^ 
tcrs,  in  otiier  respects. 

Mica-schist  is  often  studded  \v4th  garnets.  Sau"ir 
sure  descending  the  Simplon  to  Duomo  D'Ossola, 
walked  on  a  path  that  was  almost  paved  over  with 
them,  standing  out  from  its  surface  like  heads  of 
nails.  Humboldt  observetl  them,  in  the  mica- 
schists  of*  America,  but  they  were  not  so  numerous* 
as  in  the  gneiss.  The  leaflets  of  the  mica  enclose 
the  crj  stals  of  garnet,  just  as  they  do  tlie  nodules 
of  i\{iwny.. 


aus^H 


CLAY-SLATE  POKMATION. 


105 


As  mica-slate  differs  From  gneiss,  chiefly  in  want- 
ing felspar,  so  it  reailily  passes  into  that  rock  by  the 
admission  of  that  mineral. 

■  Mica-schist  is  very  distinctly  stratified;  not,  how- 
ever, in  so  marked  a  manner  as  gneiss,  and  its  strata 
are  often  contorted,  and  folded  back  in  a  great 
variety  of  fonns,  as  with  gneiss.     See  fig.  p.  103. 

I  Of  all  the  primitive  formations,  mica-schist  is  the 
one  whicii  contains  most  foreign  rocks ;  such  as 
beds  of  talc,  quartz,  garnets,  limestone,  &c-  Not 
only  does  it  alternate  with  gneiss  and  clay-slate, 
but  it  even  passes  immediately  into  these  rocks 
in  the  same  district,  and  sometimes  in  the  same 
stratum.  This  introduction  of  crystals  of  felspar, 
sometimes  gives  it  the  aspect  of  granite. 

Mica-elate  is  peculiarly  rich  in  metals,  which 
exist  more  frequently  in  beds  than  in  veins.  Gold, 
silver,  copper,  tin,  cobalt,  and  iron,  are  found  in  it- 
Mica-slate  is  perhaps  the  most  extensive  ol'  all 
the  primitive  strata,  at  least,  in  the  Alps,  in  France, 
Germany,  the  Highlands,  and  Islands  of  Scotland, 
&c.  In  the  Pyrenees,  the  fornnitioii  of  mica-schist 
presents  a  long  ragged  belt,  resting  immediately  on 
granite,  and  much  less  extensive  than  it.  In  the 
north  of  Europe,  mica-slate  is  almost  as  abundant 
as  gneiss.  It  is  found  in  different  ))oints  of  the 
mountains  of  the  United  States;  and  has  been 
observed  near  Cumana,  by  Hmnboklt. 

3.  Clat-slate. — This  rock  is  well  known  from  its 
extensive  use  in  roofing  houses.  It  is  simple  in  its 
aspect ;  schistose  ;  in  the  cross  fracture  dull,  earthy, 
and  fine  grained.  It  is  opaque,  easily  reduced  to  a 
gray  powder,  whatever  be  its  coloui-  in  mass,  and 
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tnelb>  before  the  blow-pipe  into  a  blacidsh  scoria. 
Its  most  ordinary  colours  are  gray,  more  or  leas 
deep,  and  bUiish-black,  or  sometimes  greeuish-gray. 
Iron  is  its  usual  colouring  principle;  but  in  the 
black  varieties,  tbere  is  carbonaceous  matter.  The 
greater  number  of  the  clay-slates  split  very  readily 
into  thin  leaves,  sometimes  plane,  sometimes  more 
or  less  waved.  Their  suriace  is  occasionally  sniootli, 
now  and  then  deeply  striated  ;  and  dull,  or  shining 
w^ith  a  pearly  or  silky  lustre. 

The  upper  micaceous  schists,  those  which  difler 
most  in  position  and  characters  from  gneiss,  appciU" 
composed,  almost  eiitirely,  of  mica.  When  its 
scales  become  more  compact,  and  separate  only  m 
thicker  leaflets,  it  passes  into  clay-slate.  M.  Cor- 
dier  observed  in  tlie  Pyrenees,  an  insensible  passage 
of  the  one  of  tlieae  rocks,  into  the  other,  a  fact 
noticed  by  Saussure,  Von  Buch,  and  many  otlier 
mineralogista.  In  these  cases  the  rock  must 
undergo  some  modification  of  its  constituents. 

This  is  the  most  tlistinctly  stratified  of  rocks ; 
and  it^  Jblia,  or  tables,  are  parallel  to  the  fissures  of 
the  stratification,  but  tliey  are  sometijnes  no  con- 
torted or  folded,  and  the  folds  continue  in  the  same 
direction  to  such  an  extent,  that  a  portion  of  tlie 
tables  comes  to  be  inclined  or  even  perpendicidar  to 
the  stratification  in  a  part  of  the  bed.  There  are, 
however,  cases  where  the  rock  presents^//a  oblique 
to  the  plane  of  its  beds.  A  remarkable  one  occurs 
in  Saxony,  four  miles  north  of  Freyberg.  The  moun- 
tain consists  of  very  distinct  layers,  mingled  with 
much  limestone,  alternating  with  other  beds  impreg- 
nated with  plumbago,  which  renders  the  stratifica- 
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ion  very  manifest.  The  first  beds  split  asumler 
icrj'  readily,  forming  wth  the  surface  of  supcrposi- 
bn  an  angle  of  about  60\  Count  Bournon  has 
iemarked  thataevenil  schists  split  up  very  commonly 
indcr  angles  of  GO"  and  V20°  ;  a  result  wluch  he 
bought  due  to  the  presence  of  mica. 

The  stratA  of  the   clay-slate  formations  are  in 

general    highly    inclined ;    a  position    into   which 

^ey  must  have  been  evidently  raised  by  eruptive 

»rce.     They  contain   a  gieat  number  of  foreign 

ds;  as  schistose  talc,  chlorite-schist,  lydian  stone, 

uartz,  and  limestone. 

Clay-slate  is  rich  in  metals,  particularly  its  modi- 
cation  called  gray-wacke.  Its  distribution  on  the 
lirface  of  the  globe  is  very  extensive.  In  Scotland 
i  skirts  the  Highlands  from  Loch  Lomond  by 
lallender,  Comrie,  and  Dunkeld.  In  the  whole 
*  tliis  extensive  district,  it  rests  on,  and  graduates 
to  mica-slate-  On  the  continent  it  has  been 
raced  through  a  great  extent  of  country  ;  Saxony, 
lohcmia,  Silesia,  Franconia,  Bavaria,  the  Alps  of 
witzerland,  Austria,  Hungary,  and  many  other 
larta  of  Europe.  It  is  found  abunilantly  in  the 
Jnited  States,  and  in  immense  quantity  in  South 
Lmerica,  Nearly  the  whole  territory  between 
btosi  and  Lima  is  said  to  consist  of  clay -slate. 
4.  Primitive  Limestone  is  always  granular,  of  a 
5mi-crystalline  aspect,  translucent  on  the  edges,  and 
1  colour  wliite  or  gray.  The  limestones  formed 
mong  granite  and  gneiss  rocks,  are  usually  coarser 
{rained,  than  thoseassociated  with  clay  slate.  They 
ften  include  masses  of  mica  and  quartz.  Prinii- 
ive  limestone  is  not  in  general  a  stratified  rock, 
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except  when  it  contains  mica,  to  whose  tabulated 
structure  it  then  contbmis.  It  often  contains 
metallic  treasures,  as  in  Saxony,  Silesia,  and 
Sweden.  It  is  pretty  extensively  distributed ; 
existing  very  pure  in  Dalmatia,  Greece,  and  tlie 
Archipelago.  Paros  was  celebrated  for  its  primitive 
white  marble,  in  ancient  times.  Great  excavations 
exist  in  its  mountains,  of  which  the  celebrated 
grotto  of  Antiparos  is  an  example. 

Although  we  have  described  the  order  of  the 
above  primitive  strata  from  below  upwards,  to  be 
granite,  gneiss,  mica-slate,  clay.slate,  yet  with  the 
ex{?cption  of  granite,  that  order  is  oflen  violated 
The  following  arc  a  few  of  the  varieties  presented 
by  Dr.  Macculloch  in  liis  Geological  Classification 
of  rocks. 

Granite,  gneiss,  limestone,  quartz  rock ;  in  Glen 
Tilt.  Granite,  limestone,  (juartz  rock,  mica-schist, 
gneiss  ;  in  Glen  Tilt.  Hornblende  schist  also  occurs 
in  any  part  of  this  series. 

Granite,  clay  slate  with  fine  gray-wacke,  gneiss  ; 
in  lona  and  Banffshire, 

Granite,  gneiss,  primary  sandstone — Sutherland. 
Granite,  mica  slate,  secondary  strata. 

Clay-slate,  gneiss,  clay-slate.  Islay  and  Ross- 
shire. 

5.  PoKPHYBY.  This  title  comprehends  a  consid- 
erable variety  of  rocks,  all  of  which  present  amidst  a 
principal  mass,  crystals  or  crystalline  grains  distinct 
from  it,  but  wfiich  are  of  contemporaneous  forma- 
tion. The  basis  or  paste  differs  in  its  mineral 
nature,  but  is  homogeneous  to  the  eye,  and  the 
crystals  which  it  principally  contains  are  felspar. 
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There  is  a  considerable  affinity  between  porphyiy 
and  granite  ;  and  the  two  rocks  mutually  pass  into 
eaqli  other. 

6,  SiENiTE,  is  a  granite,  in  which  the  mica  is  com- 
teionly  replaced  by  hornblende  ;  with  sometimes  a 
little  mica.  It  is  named  from  Syene  in  Upper 
Egj'pt,  where  the  ancients  quarried  it  in  immense 
blocks.  The  contrast  of  the  white  felspar  and  black 
hornblende  gives  it  a  pleasing  aspect 

7-  Greenstone,  is  similar  to  sienite,  only  the 
hornblende  is  usually  in  larger  proportion. 
J  From  tlie  very  considerable  inequalities  in  tlie 
primitive  strata  that  cover  the  globe,  we  may  con- 
clude,  that  they  could  not  be  the  result  of  a  depo- 
sition from  one  primordial  fluid,  as  Werner  affirmed  ; 
Pbut  that  they  were  distributed  originally  in  that 
brder  and  form  which  the  Author  of  Nature  saw 
fit ;  so  that  like  the  integuments  of  animal  and 
vegetable  bodies,  amid  a  general  plan,  there  is  that 
ariety  and  choice  which  indicate  the  volition  of 
telligence.  In  our  subsequent  inquiries  into  the 
Togressive  changes  developed  on  the  crust  of  the 
obe,  we  shall  perceive  the  same  system  of  special 
esign  and  adaptation. 

We  shall  next  proceed  to  advance  evidence,  in 
roof  of  granite,  porphyry,  sienite,  and  greenstone, 
the  non-stratitied  and  overlying  rocks,  being  results 
of  projective  eruption  ;  whence  it  may  be  inferred, 
that  the  mighty  mountiiin  erections  of  the  earth, 
all  intimately  connected  with  these  rocks,  have  been 
upheaved  by  internal  force,  when  God  bade  the  dry 
land  appear,  and  hollowed  out  the  ocean  channels. 
And  on  this  subject,  I  have  the  satisfaction  to  refer 
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to  a  faithful  and  sagacious  practical  geologist.  I 
allude  to  Dr.  Maccullocli,  wliosc  researches  among 
the  primitive  mountain  facades  of  Scotland  liave 
enabled  him  to  present  a  body  of  geological  truths^ 
worthy  of  entire  confidence.  The  phenomena  of 
Scotland,  are  not  pecuhar,  but  analogous  to  those 
observed  by  continental  geologists. 

The  unstratified  rocks  are  usually  of  a  crystalline 
structure.  They  may  be  divided  into  two  great 
classes ;  the  one  seated  beneath,  over,  or  among  tlie 
primitive  schists ;  the  other  lying  above,  or  diffiised 
between  the  medial  and  superior  formations  of  a 
later  epoch.  The  former  appertain  chiefly  to  the 
first  period  of  creation,  before  organic  bodies  were 
formed ;  the  latter  belong  to  the  whole  interval 
between  the  creation  and  the  present  time. 
>  8.  GRANiTEstandsatthehead  of  the  first  group  of 
rocks.  It  consists  of  grains  of  felspar,  quartz  and 
mica  immediately  and  intimately  aggregated  toge- 
then  The  felspar  almost  always  predominates  in 
the  mixture  ;  while  the  mica  exists  in  least  quan* 
tity.  Yet  notlung  absolute  can  be  pronounced  con- 
cerning these  proportions,  as  they  are  subject  to  great 
variations.  Sometimes  the  mica  diminislics,  and 
eventually  disappears  in  one  portion  of  a  granitic 
mass.  The  grains  which  compose  this  rock  ought 
to  be  regarded  as  imperfect  crystals,  which  have 
mutually  interfered  with  each  otlier,  during  their 
formation ;  the  necessary  space  being  wanting  ibr 
their  surface  to  assume  their  appropriate  geometrical 
figures.  They  betray  liowever,  at  times,  their  ten- 
dency to  acquire  these  forms.  Thus  felspar  occurs 
ID  granite  as  a  regular  four-sided,  or  six-sided  prism ; 
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quartz  as  a  double  six-sided  pyramid,  and  mica  in 
a  six-sided  plate.  In  Siberia,  mica  is  found  occa- 
sionally in  granites,  in  plates  large  enough  to  serve 
for  window  panes.  On  the  other  hand,  the  grains 
diminish  sometimes  in  size,  so  as  to  be  no  longer 
discernible  by  the  eye,  constituting  a  homogeneous 
looking  mass.  The  colour  of  the  felspar  deter, 
miues  the  appeajance  of  the  rock  ;  whence  proceed 
red,  gray,  white,  and  other  granites. 

Quartz  and  felspar  imperfectly  crystallized,  and 
influencing  each  others  forms,  produce  an  appear- 
ance of  oriental  manuscript.  Such  a  stone  is  called 
graphic  granite.  This  variety  occurs  exclusively  in 
veins,  particularly  in  those  which  traverse  gneiss. 
The  felspar  is  often  greatly  predominant.  Quartz 
and  hornblende  combined,  as  well  as  felspar  and  horn- 
blende, are  found  in  granite  localities,  and  tlierefore 
belong  to  the  same  rock,  which  distinguishes  them 
from  the  greenstones  of  the  trap  family,  or  from 
basalt.  These  varieties  occur  in  Aberdeenshire, 
where  they  are  connected  with  common  granite 
subjacent  to  gneiss,  both  by  transition  and  alterna- 
tion, circumstances  decisive  of  their  geological  cha- 
racter. When  distinct  additional  crystals  of  fel- 
spar  are  imbedded  in  the  general  tnixture,  por})]iy- 
ritic  granite  results,  of  which  rock  many  remark- 
able examples  are  found  in  Cornwall.  Quartz, 
felspar,  and  hoiTiblende  form  a  common  mixture  in 
some  granitic  locaHties  of  Scotland.  To  these,  mica 
is  occasionally  added. 

Mica  and  compact  felspar,  sometimes  containing 
gametfl,  constitute  white  stone.    Schorl  and  quartz 
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with  Mipar^  compose  die  achad  nx^ 
Cbmwail  wUdi  bcloa^  to  die  granite  fi 

ntrfotiat^  be  here  meBtiaDed, 
irreguhr  BKVMS  indnded  smoo^  the  primaiy  strata 

Under  gnuiites  abo  we  must  indnde  thooe  ^exes 
wlncb  ytueeeding  frocD  them,  tnverse  the  adjoiniiig 
fDdtt»  together  with  those  abnilar  veins,  wfaidi 
thoagb  of  the  same  mineral  composition,  cannot  be 
traced  in  the  same  manner  to  a  fountain  bead. 

Granite  maaieft  oAen  extend  over  great  spaces 
witiiotjt  any  definite  form  ;  they  resemble  immense 
Miuarc  bfd»,  Acparated  by  fissures  or  joints,  which 
tbc  inexperienced  have  sometimes  mistaken  for 
dtrata*  At  other  times  the  blocks  are  piled  over  fl 
one  another  in  a  huge  masonrj^ ;  with  their  angles 
woni  by  the  weather.  Such  great  blocks  are  sonie- 
time^i  ncen  utaruling  on  edge,  with  their  summits 
peaked.  Notliing  of  thi>f  kind  can  surpass  in  mag- 
nifirence  the  gigantic  spires  of  granite  reared  round 
tite  HlopcM  of  Mont  IMunc. 

Ciranite  is  one  of  the  rocks  most  abundantly  dis- 
tributed over  the  nurface  of  the  globe,  yielding  in 
extent  only  to  mica  slate.  In  the  Pyrenees,  it 
fonuH  on  the  nortlu?rn  slope,  nearly  from  the  sum- 
nut,  a  hinul  from  one  to  four  leagues  broad,  wliich 
constitutes  in  sonje  measure  the  mineral  oris  of  ^he 
chain.  To  the  south-east  of  France,  it  composes  with 
the  <»thrr  primitive  formations,  tJie  greater  part 
of  the  lUstricis  of  iIjc  \'ivarais,  Dauphiny,  Au- 
vergne,  1  Jniohin,  aiul  u  portion  of  Bourgogue.  To 
tlie  c«»t,  the  Vosges  ore  in  some  measure  composed 
of  it.     In  the  Knegcbirge,  in  Saxony,  it  seems  to 
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ibrm  two  principal  rields  ;  one  serving  as  a  founda- 
tion to  the  gneiss,  n)ica-slato,  and  clay-slato ;  the 
other  su])erposed  above  them.  The  granite  appears 
to  form  the  body  of  the  Riesengeburge  chains  of 
mountains  in  Silesia,  and  of  the  Hartz  mountains. 
Along  with  gneiss  and  mica-slate,  it  composes  tlie 
Bubstaiice  of  tlie  Alps.  The  summits  of  some  of  tlie 
highest  mountains  in  Scotlantl,  and  the  central  part 
of  the  Grampian  range,  consist  of  granite.  It  is 
r«irer  in  England,  occupying  a  moderate  space  in 
ComwaU. 

In  Asia,  according  to  Fallai^,  It  tbrms  a  band  in 
the  middle  oi'  Caucasus,  the  Ural  moutitains,  and 
most  of  the  great  elevations  of  the  Rnssian  Knipire. 
It  appears  also  that  the  Hinunalayu  niinintaiiis,  the 
Imaiis  of  the  ancients,  which  are  the  highest  in  the 
globe,  are  formed  of  gneiss,  witli  a  few  granitic 
rocks.  Granite  constitutes  the  under  pait  of  the 
Table  mountain  at  the  Capo  of  Good  Hope.  In 
Mexico,  it  has  been  seen  only  near  the  coasts  of 
Acapulco,  On  the  great  plateau,  or  lorty  table  land, 
it  is  covered  by  enormous  porphyritic  masses,  or 
rather  is  changed  into  them.  On  the  high  Andes 
of  South  America,  it  is  almost  always  concealed 
under  strata  of  gneiss,  mica-slate,  &c.  In  general, 
granite  does  not  rise  higher  than  6  or  7  thousand 
feet ;  but  it  abounds  in  mountains  of  moderate 
elevation,  and  in  the  low  districts  of  Venezuela, 
Parima,  &c.  It  descends  even  to  the  plains  nearly 
on  a  level  with  tlie  sea.  Of  this  the  banks  of  the 
Oronoco,  and  the  coasts  of  Peru  afford  examples. 

The  unstratified  rocks  of  more  modern  forma- 
tion, have  been  called^  ov^lying,  by  Dr.  Macciil* 
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loch.  The  several  individual  compounds  of  this 
&raily  are  basalt,  greenstone,  wacke,  claystone, 
clinkstone,  syenite,  augite  rock,  hypersthenc  rock, 
porphyry,  amygdaloids,  conglomerates,  pitchstone ; 
of  which  the  chief  mineral  constituents  are  felspar, 
hornblende,  and  aiigite. 

The  rocks  of  this  variegated  cla.ss  form  tracts  of 
very  various  extent  in  different  countries  :  yet  they 
are  not  so  generally  tliffused  as  either  the  primary 
or  secondary  stratified  rocks.  They  seem  rather 
to  be  partial  and  independent  formations,  but  they 
are  usually  connected  with  elevations  of  the  sur- 
face which  arc  oflen  very  abrupt.  Their  masses 
are  generally  irregular,  having  sometimes  a  slight 
semblance  of  stratification.  The  vertical  edges  of 
the  successive  beds,  produce  that  step-like  appear- 
ance in  the  outline  of  the  land,  to  which  the 
Swedish  name  Trap  (stair)  has  been  given.  Tliese 
rocks  also  occur  very  frequently  in  veins ;  which 
at  some  times  are  traceable  to  the  larger  masseSi 
and  at  others  appear  insulated.  They  have  been 
found  in  contact  with  every  rock,  from  granite, 
upwards  to  some  of  the  most  recent  of  the  secondary 
grmta.  In  granite  they  occur  oidy  in  veins  ;  when 
in  mass,  they  surmount  it-  But  among  the  stratified 
rocks,  both  primitive  and  sccondiu'y,  they  intrude 
in  veins,  as  well  as  in  masses,  which  when  partially 
viewed,  appear  to  be  beds.  But  the  parallelism  to 
tlie  other  strata  is  not  long  maintained,  the  tabular 
mass  passing  up  or  down  into  a  diflerent  stratifica- 
tion. 

In   the  tracts  of  an  uniformly  low  level,  the 
unstratified   rocks  rar^  exist  at  all.     They  ore 
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therefore  the  concomitants,  and,  as  we  shall  see, 
most  frequently  the  causes  of  elevations  of  the 
It  is  usually  said  that  granite  forms  the 
ijSfhest  peaks  and  ridges  of  the  mountain  ranges  ; 
this  position  there  are,  however,  very  many- 
:ceptions,  where  gneiss  and  mica-slate  invest  the 
tmrtits.  The  unstratified  rocks  seldom  occupy 
tensive  uninterrupted  spaces  on  the  suiiiice  of 
le  globe ;  portions  of  the  strata  intervene  and] 
allow  the  granite  to  pass  up  only  iiT  distant  points. 
Thus,  in  »Scotland,  we  shall  find  a  patch  of  granite 
a  few  yards  diameter,  separated  by  many  miles 
rom  another  appearance  of  the  rock  ;  a  fact  obser\- 
ile  also  with  traps. 

This  occasional  appearance  has,  however,  a  diKi 

irent  cause  in   the  two  cases.      By  examining 

fctions  of  the  strata,  we  shall  find  the  granite 

lerelv  sinking,  and  stretching  beneath  the  surface 

its    next   point   of  emergence,    which    occurs 

the  denudation  or  disniption  of  the  stratifonn 

lyers.     With  trap,  on  the  otlier  hand,  there  is  a 

jal  discontinuance  of  the  rock.     We  are  hence  led 

conclude  that  the  one  set  of  the  unstratified 

>cks  is  irtfferior  to  the  strata,  and  the  other   ia 

iperior,  or  at  least  becomes  so  in   appearance, 

fccasionally,  indewl,  the  fonner  set  assumes  also 

overlying  position. 

The  former  class  of  the  unstratified  rocks  is 
Iways  so  irregular  that  we  cannot  predicate  their 
sontinuity  to  any  distance,  near  the  surface,  nor  at 
tU  with  regard  to  trap. 

The  relative  antiquity  of  the  members  in  any 
lontinrtous  series  of  supe^ncent  strata^  is  inferred 
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from  their  inferiority  ;  and  geology  can  distinguish 
certain  revohitions,  corresponding  to  relative  por- 
tions of  time,  at  which  they  were  effected.  But 
with  regard  to  the  unstratified  rocks,  their  relative 
antiquity  must  be  judged  of  by  other  criteria.  It 
is  by  the  transmission  of  veins,  from  a  granitic  mass, 
for  example,  into  an  adjoining  stratum,  that  the 
pre-existence  of  the  stratum  is  determined,  and  the 
posteriority  of  the  granite.  This  evidence  is  irre- 
sistible. On  this  principle,  a  mass  of  granite  is 
(losterior  in  origin  to  every  stratum  in  a  series  which 
is  transpierced  by  its  veins,  or  dislocated  and  dis- 
turbed by  it. 

In  tracing  the  relative  antiquit)^of  two  masses  oi' 
granite,  we  must  examine  whether  the  vehis  of  one 
mass  penetrate  the  body  of  tlie  other.  Now  this  is 
actually  the  case  ;  and  therefore  it  is  clear  that 
granite  has  been  produced  at  successive  periods. 
Even  three  periods  have  been  proved  by  Dr.  Mac- 
culloch's  observations  ;  but  here  considerable  com- 
plexity is  introduced. 

**  The  fact  of  even  two  generations  of  granite," 
says  he,  "  is,  however  important,  in  that  view  whicli 
considers  it  as  having  been  the  immediate  cause  or 
concomitant  of  the  elevation  of  the  strata.  It  is 
easy  to  demoiLstrate  that  tlie  strata  have  actually 
been  elevated  at  successive  periods,  in  such  a  manner 
as  to  prove,  that  the  inferior  series  was  twice  moved; 
and  the  theory  of  granite  provides  the  means  of 
producing  both  the  effects  as  easily  a,s  the  one." 

If  veins  consisting  of  granite  or  trap,  have  not 
always  been  traced  to  masses  of  these  rocks,  tliat 
has  been  done,  in  at  leaat  the  fai"  greater  number  of 
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Stances,  where  the  inquiry  has  been  properly  con- 
ducted. But  tlie  parent  body  may  be  too  deep- 
seated,  and,  therefore,  iiivisible.  This  fact  is  shown 
Dr.  MaccuUoch's  account  oi  Sky.  He  has, 
oreover,  traced  the  sources  oi  all  those  veins  in 
otland,  which  were  formerly  deemed  independent. 
'e  arc,  therefore,  warranted  to  conclude,  tliat  all 
uch  Veins  are  processes  from  masses  of  the  rocks 
hose  character  and  constitution  they  bear.  When 
e  veins  are  very  large,  indeed  they  may  run  to 
ch  a  distance  as  to  appear  independent ;  trap  veins 
ving  a  much  longer  course,  from  its  easier  fusi- 
ity,  than  those  of  granite,  a  far  more  refractory 
y.  The  larger  trap  veins  extend  several  miles 
length ;  and  indefinitely  downwards  to  the 
origin  of  the  molten  mass.  But,  with  granite  veins, 
bU  the  dimensions  can  often  be  readily  traced. 
^rap  veins  rarely  ramify  j  granite  veins  very  often ; 
whence  we  infer  that  their  generation  has  diftered 

Esome  essential  circumstance  witli  regard  to  the 
ndition  of  the  invaded  strata.    Numerous  circum- 
inces  iji  the  older  strata,  as  gneiss  and  mica-slate, 
orove  them  to  have  been  at  the  period   of  their 
ction  in  a  flexible  state.     These  are  the  rocks 
hiefly  invaded  by  the  granite ;  and  such  Umited 
d  tortuous  fissures  are,  in  Dr.  Macculloch's  esti- 
ation,  precisely  what  might  be  expected  from  an 
perfect  rigidity  of  the  strata.     The  strata  invaded 
y  the  trap,  however,  rarely  contain  indications  of 
exibility,  and  would,  therefore,  yield  more  readily 
J  the  injecting  impetus ;  whence  the  fissures  would 
e  straighter  and  more  extensive. 
Most  apposite  confirmations  of  tliis  view  oftliC 
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ilidcrent  effects  of  fissures  on  plastic,  smd  rigid 
strata  ;  on  those  which  yield  most  c^y  to  a  per- 
tforatiiig  agent,  and  tliose  which  obHtruct  and  turn 
it  aside*  are  presented  in  some  of  the  veins  of  tlie 
Western  Itslands,  as  in  Lunga,  and  elsewhere.  As 
the  veins  of  trap  are  most  frequently  of  large  dimen- 
sions, so  they  are  in  general,  either  veitical,  or 
inclined  at  high  angles  to  the  liorizon,  Thirs  they 
probably  indicate  by  both  circuinstanceh,  the  great 
depths  at  wliich  the  [>arcnt  masses  lie,  and  the 
nature  and  place  of  tlie  ibrce  which  produced  tlie 
fissures.  They  occur  also  often  under  low  angles. 
Instead  of  breaking  across  the  planes  of  the 
strata,  these  granite  and  trap  injections  sometimes 
spread  out  between  tiiem,  fbiming  in  the  case  of  the 
quickly  consolidating  granite,  thick  masses,  and  in 
tiiut  of  the  more  lusible  trap,  coulees,  or  extensive 
hviina',  A  hasty  view  of  such  appearances  has 
given  rise  to  the  notion  of  trap  and  granite  being 
stratified. 

Many  chemical  and 
meclianical  changes 
occur  in  the  includ- 
ing strata  at  the  place 
where  tliey  are  tra- 
versed by  veins,  whe- 
tlier  tlicse  be  of  trap 
or  granite.  The  fi- 
gure on  the  margin 
exhibits  gneiss,  shifted  by    a  granite  vein  in  die 

island  of  Col. 

"  As  it  is  apparent,"  says  Doctor  Maecidloch, 
"  that  granite  has  been  in  a  state  of  fluidity  beneatli 
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H  the  strata^  and  tliat  during  this  state  tlicse  have 
H  been  devatcd,  in  an  irregular  manner,  it  is  easy  to 
H  account  lor  the  irregularity  of  its  general  surface, 
H  or  tor  the  partial  way  in  which  it  is  ibujid  distri- 
Kbuted  on  the  earth's  superficies,  Tlie  consequence 
K  of  the  unequal  elevation  of  tlie  strata,  was  to  pro- 
H  duce  tliosc  interior  inequalities^  that  have  been  filled 

■  by  the  yielduig  mass  which  was  the  immediate  oause 

■  of  tliat  fracture,  ami  the  concomitant  oi'the  I'orce 
exerted.     The  production  of  the  veins  is  anotlier 

»  obvious  consequence  of  the  fractures  or  discontinui- 
tie«  formed  by  the  tlisplacement  of  the  strata.  It 
must  be  remembered,  however,  that  the  iictual  ap- 
pearance of  granite  at  the  surface  of  the  earth  is  iji 
^jnost  cases  tlie  consequence  of  another  train  of 
effects,  consisting  in  tlie  waste  of  those  parts  of  the 
strata  with  which  it  was  once  covered  ;  a  waste  of 
which  tlie  whole  globe  bears  unquestionable  evi- 
!e.  From  the  progressive  state  of  that  waste,  it 
ibilows  that  the  apparent  quantity  of  granite  on 
[the  earth  must  be  constiuitly  increasing,  altliough 
itself  subject  to  decay ;  and  if  it  really  be  tlie  basis 
(or  foundation)  of  all  the  stratified  rocks,  it  is  pos- 
sible to  conceive  tliat  the  higher  parts  of  tlie  eartli 
iniglit  at  somo  future  but  exceedingly  remote  pe- 
riod, contain  only  granite," 

We  must  seek  the  origin  of  the  trap  rocks  in 
ftlie  same  regions  tliat  produced  granite-  That  this 
really  their  source  is  proved  by  the  masses  that 
lie  beneath  or  among  the  strata,  by  the  deptli  and 
magnitude  of  their  veins,  and  by  the  marks  of 
force  which  accompimy  their  lines  of  contact  witii 
the  strata.     If  any  further  doubt  could   exist,  it 
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would  be  removed  by  the  phenomena  of  volcanoes. 
The  substances  which  these  produce  are  not  only 
strictly  analogous,  in  all  their  essential  characters, 
to  some  of  the  trap  rocks,  but  ollen  un distinguish- 
able. The  variations  tliat  appear,  ailniit  of  an 
easy  explanation  from  ob\4ous  causes  of  difference. 
These  rocks  having  passed  through  the  strata  flow 
over  them  in  certain  cases  :  while  in  manv  others 
there  is  reason  to  supjjose  iVoin  the  effects  following 
the  earthquakes  that  accompany  them,  that  tliey 
have  intruded  among  the  strata  beneath  the  surface, 
so  as  to  have  produced  those  well-known  perma- 
nent elevations  of  tlie  land,  found  in  volcanic  coun- 
tries.  That  they  elevate  the  superficial  strata,  is 
also  fully  proved  by  the  phenomena  atte;3iding  the 
volcanic  Coral  islands. — See  Book  iii.  Cha}).  ii* 
Sec.  i. 

It  is  in  the  deeper  regions  of  the  globe,  theretbre, 
tliat  we  must  seek  the  origin  of  trap  ;  where  we 
found  that  of  granite.  These  substances  are  essen- 
tially of  the  siime  nature,  but  they  have  been  pro- 
duced at  distant  inten  aJs.  In  accounting  for  the 
j>resent  superficial  position  of  trap  we  are  providetl 
with  two  resources ;  that  of  its  flowing  out  in  the 
manner  of  lava,  so  as  to  cover  the  strata,  and  the 
final  removal  of  these,  so  as  to  leave  bare  that  which 
was  once  concealed  beneath  tliem. 

In  the  district  of  Morven,  a  mountainous  mass  of 
trap,  rising  to  twelve  or  fifteen  himdrcd  feet,  meets 
a  similar  mountain  of  gneiss,  in  a  line  not  tar  devi- 
ating from  the  perpendicidar  ;  its  base  being  lost 
beneath  the  sea.  Here  the  gneiss  reposes  on,  or 
meets  tlie  trap,  precisely  as  it  would  meet  a  mass 
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of  granite,  and  is  in  the  same  manner  disturbetl  at 
the  line  of  junction.  Tliistrap  mass  is  indeed  con- 
nected with  a  portion  that  covers  secondary  strata, 
and  which  may  be  considered  as  its  ettiised  i)Ortion. 
But  this  part  is  fast  wasting  away ;  and  the  time 
may  arrive  when  the  trap  of  Mor\  en  shall  present 

111  the  geological  ai)pearances  of  granite.  Had  it 
iccidentally  possessed  the  granitic  mineral  charac- 
er  of  some  of  the  syenitic  traps  of  Sky,  it  would 
then  be  supposed  an  unerupted  rock,  and  a  true 
granite  by  the  Neptunists. 

W  Similar  appearances  occur  in  Sky,  where  masses 
of  trap  that  seem  interminable  downwards,  pass 
through  the  secondary  strata,  just  as  granite  trans- 
pierces the  primary.  One  of  these  sheets  is  many 
Kles  in  diameter;  and  did  neither  Sky  nor  any 
Btiier  district  preserve  the  vestiges  of  erupted  and 
"bverflowing  tra|)>  it  might  here  also  be  argued  that 
fuch  matter  could  not  have  been  ejected  from  below. 
There  is  in  Sky,  a  mass  of  trap,  indefinite  in  depth, 
id  of  a  conoidal  form,  in  a  fair,  and  deep  section  ; 
is  covered  by  the  secondary  strata,  which  are  so 
snt  over  it,  as  to  be  conlbrmed  to  its  shape.  Here 
a  case  exactly  analogous  to  that  of  an  apparently 
lerupted  granite.  When  in  the  progress  of  waste, 
summit  shall  become  naked,  it  will  present  the 
iblancc  of  unerupted  trap,  with  the  strata  con- 
forming to  it  on  every  side,  just  as  the  primary 
■rata  arc  found  to  flank  mountains  of  granite. 
B  The  volcanic  elevations  of  strata  without  eruption, 
present  analogies  to  the  protrusions  of  granite  in 

E  ridges,  carrying  up  the  primitive  strata 
Lirstiug  through  them,  so  as  to  overflow. 


122 


300R  I.-CHiP.  V,-.PRIMJT1VE  UOCKS. 


In  fact,  the  tliickness  aud  flexibility  of  tlicsc  primi- 
tive strata  aSbrd  a  sufficient  reason  for  this  result 
£ven  the  rigid  sandstoojes  of  Sky  have  receded 
before  the  pressure  of  the  trap  ;  and  much  more 
readily  would  the  pliant  primary  schists,  yield  before 
granite. 

The  admirable  crystalline  structure  of  granite, 
proves  it  to  have  lain  longer  under  the  influence  of 
heat  than  the  trap  rocks.  This  structure  can  be 
produced  in  our  laboratories,  by  prolonging  tlie 
semifluid  state  of  fused  traps  ;  a  condition  to  which 
volcanic  rocks  are  liable,  from  slow  cooling  in  mass. 
Where  granite  has  been  actually  erupted,  the  rocks 
wliich  it  involved  may,  by  long  exposure  to  it* 
action  in  the  ignited  state,  have  been  converted  into 
its  nature.  "  An  instance  occurs  inCantyre,  as  well 
as  on  the  continent  of  Europe,"  says  Dr.  Maccul- 
loch,  "  where  the  gradual  conversion  of  a  schistose 
rock  into  porphyry,  under  similar  circumstances,  im- 
proved in  a  most  unquestionable  manner." 

That  granite  has  overflowed  the  strata,  like  trap, 
is  rendered  probable  by  the  fact  of  granite  lying 
above  shell-limestone,  in  Norway,  as  observed  by 
Von  Buch.  No  witness  can  be  less  liable  to  sus* 
picion  than  the  person  who  originally  resisted  die 
theory,  which  his  own  statements  have  demon* 
^ated  to  be  tcue. 

"To  limit  the  term  granite,"  says  Dr.  Macculloch, 
•*  to  the  sole  compound  of  quartz,  mica  and  felspar 
is  merely  to  abuse  a  mineralogical  term,  for  the 
purpose  of  evading  a  geological  inference.  In  a 
geological  sense,  every  rock  must  be  considered  a 
granite,  wliich,  whatever  its  composition  may  be. 
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forms  a  poitioii  of  a  cummoo  mass  ol'  tliat  rock  in 
most  ackuowledged  cliaraeter." 
In  Al^erdeeushire,  die  leading  varieties  ofgnuiite 
:cord  witli  the  most  rigid  mineralogical  defiuition  j 
hile  the  superposition  of  gneiss  over  a  very  exten- 
Lve  tract  of  that  rock,  can  te   traced  with  the 
eatest  facility.     But  in  many  places,  a  variety  of 
kis  granite  occurs,  composed  of  felspar  and  horn- 
>lende,  which  passes  into  the  ordinary  kind,  cither 
kj  the   usual  fourfold  compound   of  hornblende^ 
[uartz,  mica,  and  felspar,  or  the  threefold  one  of 
lornblende,  quartz,  and  felspar  ;  to  both  of  which, 
the  term  syenite  has  sometimes  been  applied.    The 
couUnuity  and  gradation  of  all  these  compounds, 
id  their  inferiority  to  Uie  primary  strata,  can  be 
'aced  witliout  the  slightest  difficulty.     In  ei^amin* 
ig  more  minutely  the  binary  compound  just  men- 
loned,  it  is  observed  in  many  places  to  assume  a 
ine  grain,  and  tlius  at  length  it  becomes  uu(hstin« 
;uLshable  from  the  greenstones  of  tlie  trap  family. 
»ut  Uie  similarity  does  not  cease  even  here ;   since 
Fjin  many  places  it  passes  in  the  same  uninterrupted 
lanner,  into  basalt,  and  at  length  into  soil  clay- 
ttoue,  with  a  schistose  tendency  on  exposure,  differ- 
ing in  no  respect  from  tlie  trap  islands  of  tlie  we^t 
Sicoast  of  Scotland. 

**  Similar  phenomena  have  been  observed  in 
Shetland.  There  is  notliing  wanting,  therefore,  to 
.prove  identity  of  origin  in  granite  a^^d  trap.  Nor 
is  it  likely  that  geology  will  fiu*nish  evidence  of  a 
/nore  decided  nature.  This  is  one  of  tlie  cases  in 
science,  where  a  few  good  examples,  are  as  satiaiac* 
tory  as  a  thousand." 
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*  We  have  perfect  evidence  of  successive  formau 
tions  of  trap  rocks,  from  the  circumstance  of  one 
txvLp  vein  being  penetrated,  and  even  traversed  by 
another.  Many  examples  of  this  fact  may  be  found* 
in  Dr.  MaccuUoch's  Western  Islands. 

The  elevation  of  Coral  islands  like  Ascension, 
above  the  level  of  the  sea,  proves  that  additions  of] 
solid  matter  have  been  made  to  the  strata  beneath 
them,  as  there  is  no  other  mode  of  solving  this  phe- 
lomenon ;  while  the  actual  eruption  of  volcanoes 
fin  the  neighbouring  parts  of  the  ocean,  leaves  no 
fdoubt  witli  respect  to  the  cause  of  that  elevation, 

If  in  such  cases  as  this,  we  conceive  the  surface 
fSoil  to  be  removed,  as  it  will  be  at  some  future* 
►eriod,  we  should  prob;ibly  find  many  places,  wliere 
itiie  appearances  would  resemble  those  produced  by 
;ranite ;  that  is  to  say,  masses  of  fused  matter, 
[Which  having  been  repressed  by  the  solid  strata  at 
top,  did  not  burst  through  and  flow  over  tliem. 

The  masses  of  trap  now  found  in  contact  witll 
[diftercnt  strata  in  the  series  of  mineral  formations, 
ixiny  have  been  actually  erupted  at  different  periods* 
;and  not  the  consequences  6f  a  single  deposit  on 

:ks  of  different  natures,  which  has  been  separated 
ito  distinct  parts  by  the  effect  of  waste.  It  is  not 
a  little  remarkable  that  two  deposits  of  trap,  of 
which  the  distant  succession  is  proved  by  ajvpear- 
ances  that  cannot  be  mistaken,  are  found  in  the 
same  place ;  a  phenomenon  exactly  similar  to  the 
renewal  of  volcanoes  at  distant  intervals,  among 
the  ruins  of  those  long  since  extinct  It  must  thus 
be  apparent,  that  whatever  differences  may  exist 
between  trap  and  granite,  whether  in  their  relations 
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to  die  strata,  or  their  mineral  characters,  they  are 
strikingly  analogous  in  almost  every  essential  gene- 
ral circumstance,  and  that  the  former  may,  in  a 
certain  sense,  be  considered  as  a  recent  granite  j  as 
the  granite  of  the  newer  strata.* 

Thephenomenon  of  quaitz-veins  in  granite, gneiss, 
mica-schist,  as  also  sometimes  in  secondary  rocks ; 
and  of  calcspar  veins  in  limestone,  serpentine, 
argillaceous-sciiist, shale,  some  sandstones,  and  trap, 
liavc  aflbrded  subjects  of  many  a  frivolous  contro- 
versy, to  die  rival  partisans  of  Werner  and  Hutton. 
The  veins  are  adduced  by  the  former  theorists  in 
proof  of  the  watery  origin  of  the  rocks  whicli  they 
pervade  \  and  by  the  latter,  they  are  regarded  as 
^  igneous  secreUon  or  separation  from  the  rocks, 
during  their  cooling  and  consolidation.  Neither  of 
lese  concJusionswiil  be  received  by  die  geological 

irver.t 
The  infiltration  ot*  quartz  and  of  carbonate  of 
le  in  aqueous  solution,  through  rocks,  is  proved 
the  tbrmation  of  chalcedonies,  quartz-crystals, 
id  calcareous  spar,  in  the  inHated  cavities  of  trap 
ks  ;  and  may  be  traced  through  every  stage  of 
process. 
If  any  further  evidence  of  the  aqueous  origin  of 
chalcedonies  and  agates  were  wanted,  it  has  been 
forded  by  Dy,  Macculloch  in  an  ingenious  pa]>er 
Pb  the  vegetable  remains  preserved  in  these  siliceous 
mineralvS,  published  in  the  8d  volume  of  the  Trans- 
actions  of  the    Geological    Society.     It   is   there 
lown  diat  the  mode  in  which  the  delicate  vege* 


*  Dr.  Maccu  I  toe  h— Journal  of  Science,  xxii. 


t  Ibid, 
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tables  thus  become  involved,  is  perfectly  simple  a 
consistent  with  the  production  ol'chalcedony.  But 
we  must  distingniKh  these  real  cases,  from  pseudo- 
specimens  of  black  arborizations,  produced  by  the 
oxides  of  manganese  and  iroti,  or  l>y  chlorite: 
Vegetable  matter  may  be  easily  discovered  by  mix- 
ing a  portion  of  the  ground  mocha-stono  with  a 
little  black  oxide  of  copper,  exposing  the  mixtui^ 
to  lieat  in  a  glass  tube  which  is  sealed  at  one  endi^ 
and  dips  at  its  other  into  lime-water  contained  in  » 
phial.  If  woody  fibre  be  present,  air-bubbleg  of 
carbonic  acid  will  come  forth,  and  make  the  lim^ 
^ater  milky. 

The  wood-engraving  represents 
apparently  a  hypnum,  occurring 
in  chalcedony. 

W' hen  real  contcrva*  are  present, 
the  vegetable  form  is  so  ]>erteetly 
preserved,  tliat  tlie  plant  seems  to 
rtoat  freely  as  if  in  its  liquid  ele- 
ment. Even  the  green  often 
ivtains  its  lively  hue.  Some  of 
the  larger  species  of  plants  enchas- 
ed in  chalcedony  have  been  deter- 
mined. Daubenton  desc:ribes  the 
Lichen  rangijerinus^  and  digitatm^ 
plants  possessed  of  fonns  wliich 
no  minerals  could  imitate* 

We  are  ever  too  apt  to  measure  the  powers  of 
nature  by  the  standard  of  our  own  puny  means;  and 
when  we  cannot  ettect  a  process  in  a  certain  way, 
j)ronounce  it  to  be  impossible.  Geology  has  been 
greatly  vitiated  by  this  presumptuous  procedure. 
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iNot  only  has  an  aqueous  liquid  been  found  in 
[the  centre  of  quartz,  but  a  group  of  moveable 
crj^tals  of  carbonate  of  lime,  is  to  be  seen  lying 
,in  a  fluid  in  a  cavity  of  crystalHne  quartz  from 
fuebec,  now  in  the  possession  of  Mr.  Allan  of 
Edinburgh. 

Sulphate  of  barytes  refuses  to  dissolve  in  the 
laboratory.  But  native  sj)ecimens  occur  contain- 
ig  an  aqueous  fluid  which,  when  exposed  to  the 
lir,  concretes,  so  that  each  drop  of  fluid  becomes  a 
[erystal  of  sulphate  of  barytes.  Mr.  Nicol,  in  Brew- 
er's Journaly  vol,  V.  p.  135.  Similar  crystals 
lay  indeed  be  formed  eitlicr  by  water  or  fire. 
!r)'stals  of  red  copper  were  observed  on  an  old 
sopper  statue  found  in  the  Soane,  in  the  year  I7O6  ; 
ind  in  the  hollow  of  the  leg  of  a  bronze  horse, 
hich  had  lain  in  the  earth  some  hundred  years. 
(y  the  lava  of  179K  copper  coins  at  Torre  del 
reco,  and  brass  candlesticks,  have  been  converted 
ito  crystals  of  red  copper  ;  and  in  other  ciises  the 
ic  and  copper  have  separately  formed  translucent 
dende,  and  octohedrons  of  red  copper. 
We  have  now  adduced  ample,  many  may  think 
iperfluous,  evidence  to  prove  that  granite,  with 
primitive  crystalline  congenera,  porphyry  and 
-enite,  is  an  erupted  rock  ;  the  Atlas  which  has 
ised  on  its  shoulders  the  gigantic  ridges  of  gneiss 
id  mica-schistt  that  constitute  the  mountain  eleva- 
Sons  of  the  globe.  Thus,  by  the  expansive  power 
if  the  internal  agents  already  described,  the  crust 
it'ihe  earth  acquired  those  irregularities  of  eminence 
id  depression,  that  motUfled  the  geometrical  sphe- 
(id  around  which  the  waters  flowed,  and  gave  it 
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that  distinction  of  dry  land  and  sea,  which  fitted  its 
surface  to  become  the  dwelling-place  of  organized 
beings.  There  seems  nothing  hypothetical  in  these 
propositions.  The  circumfluence  of  the  shoreless 
abyss,  proves  the  spheroidal  form  of  the  primordial 
ball  which  it  concealed ;  the  actual  figure  of  the 
globe  exhibits  the  manner  of  deviation  from  that 
form  wliich  took  place  when  the  land  and  seas 
were  divided ;  and  the  position  and  nature  of  the 
mineral  masses,  show  how  that  deviation  and  divi* 
sion  were  accomplished. 


BOOK  II— THE  ANTEDILUVIAN  PERIOD, 
SECONDARY  FORMATIONS. 


CHAP-  l.-GENERAL  VIEW  OF  SECONDARY  ROCKS. 

Book  First  we  have  seen  the  dry  land  upheaved 

\ut  of  the  circumfluent  waters,  clothed  with  vege- 

ition,  and  stocked  with  animal  life.     The  primor- 

ial  mineral  strata  whicli  we  afterwards  considered, 

■e  void  of  organic  forms.     Those  which  we  now 

proceed  to  examine,  present  distinct  remains,  more 
>r  less  abundant,  of  living  beings.     Here,  therefore, 

^ve  should  pause  in  solemn  meditation,  on  the  most 
larvellous  phenomenon,  which  Nature,  full  of  won- 
lers,  can  possibly  exhibit  to  the  eye  of  man ;  the 

[dawn  of  organization  ;  the  mystical  transition  from 

^ilie  blank  of  eternity  to  the  fulness  of  time,  from  the 
lertia  of  the  first  matter,  to  the  self-movement  of 

[life ;  the  first-born  of  earthly  creatures  ;  records  of 
lie  Creative  Spirit,  traced  in  imperishable  charac- 

iters,  which  every  peasant  may  read,  and  no  sophist 

[^.can  falsify.  Here  the  nidimeuts  of  vitality  lie 
imbalmed  in  enduring  mausoleums.     An  ancient 

.catastrophe  has  rendered  these  primeval  vaults 
accessible,  enabling  us  to  behold  the  eldest  progeny 
of  nature,  which  display  even  in  their  exuvia%  the 
perfect  workmanship  of  the  Deity.  The  infinite 
void  that  separates  death  from  life,  yawns  before 
18,  the  inscrutable  pathway  between  nonentity  and 
existence,  which  an  Almighty  Being  alone  could 
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traverse.  Thus,  even  these  elemental  organic  forms, 
are  infallible  documents  of  that  Eternal  Wisdom, 
which  willed  a  world  into  being. 

The  erection  of  the  subaqueous  strata,  into  the 
primitive  mountains  and  plains,  was  evidently 
accompanied  with  universal  disruption.  Innumer- 
able fragments  of  both  the  upborne  and  upbearing 
rocks,  were  tossed  about,  and  washed  down  into 
tlie  congregated  waters,  along  the  precipitous  shores, 
and  over  the  bed  of  the  primeval  ocean.  These 
shattered  fragments  becoming  agglutinated  by  their 
own  pulverulent  cement,  soon  rccomposed  conti- 
nuous strata,  which  bear  internal  evidence  of  the 
violence  that  gave  them  birth.  Thus  were  formed 
the  transition  rocks  of  Geologists,  mineral  masses 
which  denote  the  passage  between  the  upright  pri- 
mitive, and  the  horizontal  secondary  strata,  between 
those  of  inorganic  and  organic  evidence.  These 
rocks  are  called  conglomerate,  or  fragmentary,  from 
their  aspect  and  composition.  In  the  course  of  the 
consolidation  and  re-union  of  their  parts,  a  few  of 
the  organic  forms  with  which  the  sea  was  beginning 
to  teem,  falling  into  their  crevices,  became  imbed- 
ded in  their  substance.  Hence  we  see  how  some 
vestiges  of  animal  existence,  appear  in  the  oldest 
conglomerate,  or  greywacke  formation.  The  con- 
vulsions, whicii  after  a  long  interval,  caused  the 
deluge,  have  also  dislocated  many  of  these  conglo- 
merates, so  that  strata  of  rounded  pebbles  assuredly 
aggregated  in  a  horizontal  position,  are  now  found 
standing  in  upright  walls.  Thus  the  famoiis  pud- 
dingslones  of  Valorsine,  in  Savoy,  are  a  kind  of 
greywacke  schist,  containing  rounded  fragments  of 
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gneiss,  and  mica-slate,  6  or  7  inches  in  diameter. 
That  stones  of  the  size  of  a  man's  head,  previously 
rounded  by  attrition,  should  build  themselves  up 
in  a  perpendicular  wall,  and  stand  steadily  thus,  till 
fine  particles  of  hydraulic  cement,  should  have  time 
to  envelop  and  fix  them  in  their  upright  posture,  is 

Ian  absurd  and  impossible  supposition.    It  is  therefore 
demonstrable  that  these  puddingstone  strata  were 
formed  in  horizontal,  or  ^ghtly  inclined  beds,  and 
erected  after  their  accretion.     Such  effects  would 
^be  produced  on  the  convulsive  emergence  of  the 
•   pebbly  banks  out  of  the  primeval  ocean,  either  at 
r- the  deluge,  or  some  preceding  catastrophe.     There 
^are  mountains  10,000  feet  high  in  tlie  Alps,  formed 

of  firinly  conglomerated  pebbles. 
1^  It  will  be  proper  to  introduce  here,  a  general 
Tiew  of  the  order  in  which  the  mineral  strata  were 
progressively  built  up  during  the  antediluvian  period 
under  that  ocean  ;  "  whose  bed  laid  dry  by  the  last 
great  revolution,  now  forms  all  the  countries  at 
present  inhabited."* 

TABUi-AR  VIEW  OF  MINERAL  STRAT-i. 

77ie  ffranites,  porphyriesy  ft'tenites,  hornblende^  and  hjperslUent 
\s^    with  j/reenstOfteSj    and  basaUs,  being  ^inMruiiJied   crnpU-d 
rA<,  ocatr  in  mam/  different  and  irregular  positions  among  tite 
vestive  strata, 

:i.ASS      L — PniMITIVE       OR      INFERIOR 

Rocks.  Concomitasits, 

Order  L — Gneiss,  Granit««. 

Hornblende  rocks. 
Limpstoiten. 
QvATtTT  rock. 


Ouvior.— Osscmen*  Fiwsiles.— D'wconrs  Preliminaire,  p.  135. 
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Order  II. — Micct-tUOe. 
Order  llh-^Clay-alate. 


C1.A8S  II. — Transition  or  Subme- 
DiAL  Rocks. 
Order  \, — Greywadte^ 


As  abore. 
Gypsam. 

Mica-slate. 

Talc-slate. 

Chlorite-slate. 

Gneiss. 

Whet-slate. 

Alum-slate. 

Dolomite. 

Gypsum. 


Conglomerate. 

Clay-^late. 

Flinty-slate. 

Alum-slate. 

Limestone. 

Dolomite,  with 

Encrinites. 


Class  III. — Medial  or  Carbonifk- 
Rous  Rocks. 
Order  I. — Old  red  sandstone, 

II. — Carboniferovs  or  Mountain 

limestone, 
III. — Millstone  grit  or  shale. 
IV, — Coal  measures  or  strata. 


Class  IV — Supermedial  or  Second- 
ary Rucks. 
Order  \. — New  retl  sandstone. 
Order  11. — Maynesian  limestone. 


Coal-sandHtonp. 
Slaty-clay. 
Bituminous  shale. 
Carbonate  of  iron. 
Coal. 

Calcareous  marl. 
Compact,  or 
Alpine  limestone. 


BituminouH  marl-slate. 
Cop]»pr  Hlate  with  6phes. 
Breccia — like  grypsno. 
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Order  III* — Red  Marl,  Gypsum  antl  salt  beUs. 

Variegated  saitdstone. 
Order  IV- — Secortd  Fiffctz  Umettone  or 

sJteil  limestone.  In  Germany  cnlleil  Mu«- 

chclknlk — Aaid  to  h^ 
waiitiiig  in  Knglaiiil- 
Crder  V. —  TMrd  Fioetz  or  Jura  lime- 

siwte*  Arg;illaceoufi  bedn. 

LioM  of  England. 
Oolites,  or 

Calcareous  freestones. 
Marlft. 
VI. — Iron  safid  ami  greerisand,       Chloritic  clialk. 
VII— C/w/A.  Chalk  marl. 

Eanhy  chalk. 
Chalk  with  flinU. 

t Class    V Sufeuior    oh    Tertiary 
U0CK3. 

Order  1. — London^   Parig,  and  Isle  of 

Wight  bajiiiis.  Plastic  day. 

Clay-marl. 

Sand,  liguite,  freeh  and 
salt  water  ahelln. 
Order  II. — First  Tertiary  Limestone.        Blue  London  clay. 

kCbloritic   coarHe    lime- 
atone. 
Order  III, — First  local  hrackish-xcater  de- 
posit. Marls,  fryp^^uoi' 
Order  IV — Second  Tertiary  Limestone,     Marls,  sand. 

Dubr  8tone. 
Order  V, — Last  fresh  water  deposit,  Markt,    Limestones   of 

Paris  and  laleofWijcht. 


In  all  tliese  strata,  there  is  usually  a  repetition  of 
beds  of  similar  composition  ;  that  is,  of  the  sili- 
ceous, argillaceous,  and  calcareous,  -witli  a  texture 
becoming  progressively  less  compact  and  crystalline, 
as  tliey  ascend  in  the  scale  of  superposition.     Such 
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repetitions  have  been  called  formation  suites.   Thus 
we  may  have  .00  beds  of  coal,  alternating  with  an  M 
equal  number  of  sandstone  and  shale,  and  50  beds 
of  chalk  alternating  with  as  many  of  flint,  consti- 
tuting  the  coal  and  chalk  formations.    When  viewed  ^ 
in  this  aspect,  the  almost  infinite  variety  of  tJie 
strata  becomes  systematiscd  and  simplified  into  a  m 
manageable  compass.  ™ 

The  preceding  table  has  been  compiled  partly 
from  M.  Bone's  table  of  rocks,  and  partly  i'rom  that 
of  Messrs.  Conybeare  and  Phillips.  The  ibllowing 
is  by  the  Kev>  Dn  Buckland. 

GEOLOGICAL     EQUIVALENTS. 

A  COMPARATIVE  TABLE   OF  THE    EI7UL1SR    AKD    OONTlNSKtAL 
FOKMATIONS. 

Formations  of  Entfland,  Formntujni  of  the  Cmtincnt. 

1.  Greywaehct  1.  Greywacke. 

Passing    into  fiiir^    g^reywacke-  Same,  ha  in  England. 
filftte  at  one   cxtremit)',  and 

into  conglomerate  at  the  other.  Abandant  on  tiie  Coutioeut. 
Mountains  iif  North  Wales.      Tarentaise  in  Saroy, 
State  quarriefl  of  Penryn.  Matt  iu  Claris. 

Slate  of  Tinta^l  in   Cornnrall,  Slate  of  Plattenbnri;  in  Glarin, 
and  top  of  Snowden  in  Walea,        containing  fiah  and  tortot»e«. 
containing  marine  shells  (Te- 
rehratulilp*.?) 
Slate  of  Llandrindod  near  Builth,  Slate  of  Aiigeni  in  France,    con- 

rotitainitig  iriWibttes.  taintn^;  trilobites. 

Conglomerate  of   Killaruey  and  Conglomerate  of  ValorKine. 
St.  David's. 

2.  Transition  LimeaUme.        2.    Ttnnaition    Umesitmt  ocviirs 

Btnlftof  linietttoue  frt'cnrring  sub-       stthordirmttiy  hi  ffrei/fv<ick$, 

^  ordinately  in  the  apf»er  region  Thin  beds  of  it  bI  Coblentz  on 

of  the  gre)Tva«*ke  formation  ;        the  Rhino. 

Dudley.  WiMilotk  edge,  Lud-  In   Bohemia,  near  IVapue,  TnTf^Ji- 

Eo\r,  Lon^iope,  LIundilo.  Tabe  in  .Savoy.  Banks  of  Rhine 
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FimmUiamx  ofMnyiatuL 


bplow    Coire   in    Switzerland, 

South  of   Wt'rfeu  iu  Salzburg. 


II.   SECOKDAttT  rORMATlOMS,  INCLUDING  COAL  MEASURES. 


1 .  Old  red  mmbCone, 

la  itH  upper  membem  composed 
of  loose  beds  of  red  saiid* 
fitone,  red  marie  ami  ronglo- 
merate.  In  itH  lower  rvgious 
intuiiiaibly  iato  rom- 
peywacke  ;  abundant 
along  the  frontier  of  England 
and  Wales. 

2.  MouiUaia  or  Carboniferous 

■  liitvestoiic, 

iDerbyshire,  Alston  Moor,  Men- 
ilipi  South  Wales ;  suhordi- 
nate  to  the  |{i'eui  coal  forma- 
tion, usually  found  in  its  low- 
est regions. 

3.  English  Coal  Meastires  ; 

Newcastle,     Derbpliin*.     Slaf- 

fbcdahire  and  Soutli  Walesa. 


1.    Variehf  of  ffrcywatke  of 
WtTntr. 

Seldom  appearing  on  Uie  conti- 
nent, occurs  at  Huy  on  the 
Meuse  below  Namiir,  w)u*re 
it  lies  under  the  mountain 
limeBtonc. 

Tlie  Valorsine  puddingstone  i« 
nearly  of  thiH  age,  but  a  little 
older. 

2,  Transition  lim£stone  of  Werner 

and  of  OnuUlns  nUalloy. 
Banks  of  the  Meuse  from  Namur 
to  Liei^e  ;  i?«    of  rare    occur- 
rence on  the  continent. 


3.  Indepemltnt  coalforfnation  of 

Werrter. 
None  in  the  Alps,  or  basin  of  the 

Po.    P«»stchapel  near  Dresden, 

Friedland  iu  SileHia,  aiul  near 

Temovitz  in  Silesia. 
Namur,     8aare     Brooke,    Saijit 

Eticnne  m  France. 


trd  ComfhmeraU,      4.  Oidredgandstxme  tf  Werner  ; 
PotAe  todU  liegertde. 
Bxeter    encircling  the   baso  of  Base  of  Thuringerwald.; 
Quantock  aad  Mendip  hilU     Scliwandeji,  in  Glaris. 

Lu|^o,  in  Italy. 
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Fwrnatioiu  of£!nglaMd* 

5.  Magneskm  Umestone. 


6.  New  red  sandstone  and  Red 

Marl. 
Great  formation  of  salt  and  gyp- 
sum. 


7.  Oolite  formation. 


Coral  rag  loose  and  rubbly. 


Compact  beds  of  combrash 


Formatitmi  of  the  CamtiMent, 

5.  Older  Alpine  limestone  ;    or 
,  first  floetz  limestone  of  Werner, 

divisible  into : 

Zechstein  (Calcairea  Grypbites), 
containing  GrypMtes  aculeaitu, 

Asche. 

Hanchwacke.     Helen  kalke. 

Rogenstein.     Stinkstein. 

Kupperschiefer,  or  bitnminons 
marie  slate,  with  fish. 

These  subdivisions  are  well 
known  in  the  Thmingerwald ; 
and  axe  occasionally  inter- 
spersed with  salt  and  gypsimu 

6.  Sunter  Semdstein,  and  Sotk 

Thon  of  Werner, 
First  and  second  salt  and  gypsum 
formation  of  Werner. 
Greywacke  of  Brocchi  in  bis 
Val  di  Fassa  ;  of  Ployer  in  bis 
map  of  Tyrol  ;  and  of  Von 
Buch  and  Cbarpentier  in  their 
accounts  of  tlie  salt  formations 
of  the  Alps. 

7.  Jura  LimestOfiCt  f properly  co 

called.) 
Younger   Alpine    Limestone    of 

Savoy,  Switzerland,  and  Tyrol. 
MuMchel-Kalk  of  Werner. 
Coral  rag,  some  organic  remains 

in  a  compact  matrix,  and  used 

for  marble   at     Roche,     near 

Vevey. 
Compact    limestone   of    Scliaff- 

hauseii,   lying  above  the  Jura 

Oolite. 
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tockin^ham    marble.       Yeovil  Saltzburg  marble.     Cuote  marblo 


marble. 
[SaUi  aiul  CotUwultl  oolite. 


8.  Green  sand. 


.I^arge  proportion  of  tlie  South 
East  of  Eiiglantl. 


9.  Chalk, 


of  France. 
Oolite  of  .Tura  and  vatley  of  the 

Adipc. 
Pierre  a  gryphitea  of  France  and 

Jura,  full  of  the  gryphea  arcu- 

at  a  of  Laiuarck. 
MuacbeUkalk  of  Werner. 

8.  Crate  inferieure  oft/ie  French, 
Quader    sandHtcin    and    Pkener 

kalk  of  Werner. 
Younger  Alpine  limestone  of 
8avoy,  forming  the  Hummit 
of  the  high  ridge  from  Muunt 
VareuH  in  the  Vale  of  the  Arve, 
to  Diableret  in  the  valley  of 
the  Rhone. 

9.  C/taik. 
Craie    of   the    French^  encircling 

and  forming   the  base   of  tlie 

basin  of  Paris. 
Younger  Alpino  limestone  of  tlie 

Enganean  hills  and  Vicentine 

hilU  in  Italy. 
Fort  near  Lunenburg^  close  to  the 

town,  on  tlie  Hide  of  Hamburg. 
Castle  of  Cracow  in  Poland, 


in.  TERTIARY    FORMATIONS. 

It  is  not  implied  that  the  following  five  subdivi- 
sional  parts  of  the  tertiary  formations  maintain  the 
same  relative  order  of  succession  in  England  and 
on  the  Continent;  most  of  them  probably  alternate, 
but  they  aie  all  more  recent  than  the  chalk  of  Eng- 
land, France,  and  Italy. 
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£mfflufi  Pumaticma, 

1.  London  and  Hampfhirr  Ba- 
shis^  Ligniten,  and  Glance 
foed,     ImperftfU  9i}ood  coal 

Atam  Bay,  Isle  uf  Wight. 


Corfc  clay  pi(«.     Isle  of  Pnr- 
beck. 


2.  PuddinffStotm  of  Hertfardshiri 

Omul  sandstone  filocka  of  Buck- 
inghamshire, Wilts,  and  Dor- 
set. 
3.  plastic  rial/  formation. 

Clay>  mail,    ftnnd,    aott   gravel, 
with  marine  shells. 

DiL!«im(  of  London,   Ilaot^,  and 
Doraet. 


4.  J^mion  dajfr 
]li;^hgatc>  hilt,  London. 


With    phinlj4    nnil    marine   fituh. 
IhIo  of  Shqipy. 


Fijrwkittiona  of  the  CamiitttmL 

L  Banit  tf  Paris  ;  Valltyjt  q^  iA^ 
Po,  SwitzerUmd.  the  Danmbe* 
LiffniieSj    and    Glante    eoaL 
Perfect^  and  used  for  Jircs, 
Monte   Boica,  and   Arzi^an   in 
the  Vicentino,  FosseD  in  BaTa- 
ria. 
Titmoning,  Teisendorf,  Miesbach, 
and   all  the  coal   pits  in    the 
valley  of  the  Danabe,  above 
Vienna. 
Marburg  in  Styria. 
Leoben  iu  }>tyria. 
.  2.    Na<jelfiue    of    Stmts^land, 
Como,  and  Salzburg 
PnddingstoDC  of  Kigi  near  La- 
cenie,  and  of  Bregentz  on  Lake 
Constance. 
3.  Plaxtie  day  fartnaiion. 
Beds  of    clay,   marl,    sand,  aud 

^vel,  with  marbe  sheila. 
iWiu  of  Pari*. 

All  the   edf^    of   the   plain    of 
Lombardy  ;  netir   Ponna,   Pia- 
ceoza,  Asti,  Turin,  Vicenza. 
Valley  of  tlie  Danube. 
X'alley  of  Geneva  and  Constance. 
4,  CaJcaire  Grosxier  of  ParU^ 
Verona,    Viceniine     bills,     and 
Monte  Deri«ri,  in  the  valley  of 
the  Po. 
Loreito  S.  £.  of  Vianna,  in  btain 

of  Danube. 
Tour  de  Molicre,  E.  of  YverduQ, 

in  Switzerland. 
With    plants    and     marine     6»b. 
Monte    Bnlra,     nrar     Verona. 
.Soleabofeii,  near  Pappeuheim 


^f           GEKRAAL  REMAJIKS  BT  DOCTOR  BUCKLAND.     139 

1 

^1                    £H^Hsh  Formaii0H9. 

Fairmatwiu  itf  <A«  Omtifttnt- 

^fl 

^^^Bp 

(probably).      FlsIi  of    Moant 
Lebanon  (probal)ly). 

J 

^m        S,  Fresh  waier  Li/neslone, 

^  Caitfure  d'  ean  douce. 

^^H 

H  HcfuJen  cliff;   Isle  of  Ulght. 

H&Min  of  PariH.;  FrieiUMberj;  near 
Berne  ;     St,    Siipborin,    near 
Verey  ;  Horgen  hwat  Zurich  ; 
Locle  on  the  Jnra ;  Valley  of 
tl»c  libine,  three  milee  N.E.  of 
Baale.     Tliese  are  principally 
composed  of  marl  stone,  and 
contain  beds  of  coal,  with  fresh 
water  nhells  inlcrraixcd. 

lEnin^ren,  nearScliafriiauien,  with 
freah  watwr  &ib. 

1 

H                    IV.  DlKUVlUM. 

IV.  DitUVIOM. 

■ 

B  Gnrel  and  rolled  blockn,  both 

Samo  as  in  England. 

■ 

oa   UUla  and   ia  valley»,  i»ot 

$uper6cial   gmrel,    coTerixjg    ilie 

fl 

prodorod  by  mxy  causes  now 

rejrular    tertiary  strata   of"    the 

H 

^H      in  aetlon. 

^^liravel    of    the  valleys    of   the 

valleys  of  tho  Po,  the  Danube, 

■ 

and  Genora. 

^^H 

ThamM)   Seveni,  ami  Iluni- 

1 

^^H 

■     ber. 

^^B 

^K  Blocks  of  Cambf>rland    granite 

Granite  blocks  on  tlie  Jam  above 

M 

^M      iu   the   plain   of   Shropnbiri^ 

Neufclmtel,  and  on  tlie  Salcru 

^^B 

^B      near     Brid^Miorlli  ;    aiiil     nf 

niuuntaius,  near  Genera. 

^^H 

^M      Galway   granito  at    Slialk  on 

^^M 

^P      th»  s(ratl>wc«t  of  CnrlUlc,  in 

il^H 

^M     CuaiW*rlan(l. 

^ 

AiiM'item, 

AltttVtWM* 

a 

Effects  of  cau«t«9  now  in  actiou. 

Effects  of  causes  now  in  action. 

^^B 

^M     Mad  of  riren,  deluw,  gravel 

Sauie  as  in  England,  but  oa 

■ 

^m      of  torrents. 

a  larger  scale.                                     ; 

H      The  mountain  limestone  and  great  coal  fomia- 

^H 

■  tions  of  England  do  not 

occur  in  the  Alps.     Tlie 

V| 

H tertiary  ibmiatlonft  which  constitute  the  ntolassevaid 

*J 

BlMfg'f /^^  of  the  Great  Valley  of  Switzerland,  have 

1 
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been  mistaken  for  the  new  red  sandstone  beds  of 
England,     These  mistakes  proceed  partly  from  tJie 
enlarged  bulk,  and  partly  from  the  want  oi'tlistiiict 
features,  and  of  tangible  character,  which  accom- 
pany all  secondary  strata  as  they  enter  tlie  Alps. 
But  tlieir  identity  with  the  English  formations  has 
been  evinced  by  actual  sections.    It  has  been  shown 
that  a  constant  and  regular  order  of  succession  pre- 
vails in  the   alpine   and  transalpine  districts,  and 
generally  over  the  Continent ;  and  that  this  order 
is  the  same  tliat  exists  in  our  own  country.     It  is  f 
remarkable  that  our  oolite  and  raaguesian  limestones  fl 
(under  tlie  name  of  alpine  limestones)  rise  mto  the  V 
mdsl  elevated  crests  and  pinnacles,  that  crown  the 
summits  of  this  gigantic  chain.     The  following 
among  the  greatest  heights  which  they  reach  :— 

Ortler  in  Tyro!, 14.466 

Jungfrau  in  Smtzerland,   ....  12.B72 

Dotli  Berg  in      du.  ....  10.059 

Tiltis 10,00a., 

DihblereU, 8.840- 

Dent  de  Morcle,  .         •         .  7.600 

In  the  Pyrenees  also,  the  same  limestones  form 
the  most  elevated  ridge,  and  great  water  shed  of  fl 
that  vast  chain  ;  rising  in  Mount  Perdu  to  10,578 
feet,  and  in  the  Torre  de  Marbore  to  lO.iiGO, 

CHAP.  II.-8UBMEDIAL  STRATA. 


4»  Greywacke  is  commonly  composed  of  grains  or 

fragn)enLs  of  quartz,  and  lydian  stone,  among  which 

»its  of  clay-slate  are  disseminated.     These  parts 

are  agglutinated  by  a  cement  of  an   argillaceous 
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ind,  usually  impregnated  with  coarse  siliceous  mat- 
T,     The  size  of  the  grains  of  quartz  and  lydian 
stone,  rarely  exxeeds  a  nut ;  but  the  pieces  of  clay- 
slate  are  sometimes  as  large  as  the  hand.    Occasion- 
ally these  fragments  are  so  comminuted,  as  to  be  no 
longer  discernible ;  the  rock  takes  then  a  schistose 
ixture  approaching  to  clay-slate. 
But  the  main  body  of  the  submedial  rocks  is  com- 
'posed  of  clay-slate  itself,  containing  certain  subor- 
linate  beds,  such  as  masses  of  talc,  Sec.     The  clay 
'alates  of  Claris,  in  Switzerland,  celebrated  for  their 
casts  of  fishes,  are  accompanied  with  talcose  rocks. 
Here  also,  we  find  alum-slate,  which  is  merely  an 
argillaceous  schist,  impregnated  with  carbon  and 
l-sulphur ;  the  latter  probably  in  the  state  of  sul- 
phuret  of  iron.     The  transition  clay-slate  of  Sweden 
and  Norway,  is  so  rich  in  these  beds,  as  to  be  worked 
for  them  alone.     When  exposed  to  the  air,  they  get 
covered  with  a  snowy  efflorescence,  just  as  happens 
to  some  of  the  argillaceous  slates  of  our  coal  mea- 
sures.    This  was   finely   exemplified  in  the  waste 
coal  workings  that  form  the  Hurlot  Alum  mines, 
near  Glasgow.     The  carbon  occasionally  accumu- 
lates to  such  a  degree  in  some  portions  of  the  slate, 
as  to  form  masses  of  stone  coal  (anthracite,)  a  sub- 
stance which  burns  with  difficulty,  and  can  be  made 
use  of  merely  for  calcining  limestone.     The  sur- 
rounding   slate   affords   vegetable    impressions    of 
reeds  and  analogous  plants.     The  animal  exuvia? 
are  not  numerous  in  these  transition  strata.     They 
consist  of  madrepores,  trilobites,    ammonites,  and 
terebratulites,  casts  of  turbinites  and  striated  ca- 
miteSn     But  certainly  the  most  characteristic  feature 
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A'  this  submcdial  formation,  is  tlie  impressious 
ishf  indicating  most  dearly  the  drcadiul  turmoH 
:hich  ])resided  at  its  origin. 
Fish  which  perish  by  a  natural  deatii,  necessariljp 
become  the  food  of  otlier  fish  Jike  themselves,  or 
Crustacea.  We  need  not  therefore  be  surprised,  at 
finding  none  of  tlieir  remains,  in  situations  which 
m]>ound  with  them  in  the  living  state.     It  is  not 

unusual    how- 
ever, to  find  ft 
great   number 
of    fossil    fish 
in  ojie  district^ 
as    in    Monte 
Boica,  and  other  localities  ;  where  a  volcanic  erup- 
tion, or  some  other  sudden  revolution  had  killed 
ihem  all  at  once.     In  certain  places  their  remains 
occur,  lying  on  their  belly,  or  lengthwise,  witli  tl^eir 
fins  and  tail  extended.     These  remains,    in  some 
cases,  consist  of  bones,  spines,  and  scales,  distributed 
in  their  natural  positions.     In  others,  they  are  found 
in  a  constrained  posture,  suggesting  the  idea,  that 
they  had  perished  in  boiling  water ;  examples  of 
wJiich,  have  occurred  in  the  sub-marine  volcanoes  of 
modem  times.     Lastly,  in  certain  localities,  as  at 
Plattenberg,  in  the  canton  of  Claris,  they  are  in  a 
flattened  state,  and  covered  with  scales,  but  destitute 
of  bony  skeleton. 

It  cannot  be  doubted  that  the  revolution  which 
caused  the  vast  accumulation  of  remains  found  at 
Montc-Bolca,  must  have  been  sudden,  and  that  they 
were  speedily  covered  after  death,  by  the  mineral 
deposit  in  which  they  are  now  buried  ;  for  one  of 
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4liese  fossil  fish,  now  in  the  galleries  of  the  French 
museuin,  belonging  to  the  genus  blochius,  liad  not 
time  before  it  dicxi,  to  let  go  anotlicr  fish  which  it 
■was  in  tlie  act  of  swallowing.  In  our  climates, 
Avhen  any  fish,  (and  especially  one  fumislied  with 
tan  ^r  bladder,)  dies  in  summer,  it  remains  at  the 
bottom  of  the  water,  for  two  or  three  days,  it  tlien 
rises  to  the  surface  before  it  becomes  tainted,  and 
falls  to  the  bottom  to  rise  no  more,  till  putrefiiction 

[-disunites  its  constituent  part*;.     Hence,  if  some  daj^s 

^had  elapsed  between  the  death  of  the  bloc/iius,  above 
described,  and  its  getting  impacted  in  the  strata,  it 
would  have  mounted  to  the  surface,  and  thus  have 

^*becn  separated  from  the  fish,  which  it  was  swallow- 
ing, when  arrested  by  the  fatal  catastrophe. 

Had  we  no  such  instance  to  prove  the  rapidity 

(•of  the  convulsion  of  nature,  we  might  adduce  cases 
of  fish  foimd  in  the  same  locality  iu  which  we  find 

^rtJie  bodies  of  others,  tJiat  had  been  newly  swallowed. 
These  show  how  quickly  tliey  had  been  killed,  after 
tatisfying  their  appetites,  before  the  digestive  powers, 
so  vigorous  in  these  animals,  had  time  to  dissolve 
;heir  food.     We  ought  not  therefore  to  be  surprised 

\An  tlie  least,  at  meeting  with  so  few  fossil  fish,  among 

:he  shelly  strata,  quietly  deposited  at  the  bottom  of 

,tbe  sea.     Those  which  we  do  find,  have  been  buried 

[firamediately  after  deatli,  in  a  bottom  of  sand,  oi* 
mud,  which  concealed  them,  and  hindered  them 
Jrom  mounting  to  the  surface. 

Remains  of  ibssil  fislies  ai'c  found,  not  only  in 
-die  transition  rocks,  but  also  in  more  recent  forma- 

[■tions,  as  in  the  strata,  anterior  to  the  chalk,  in  this 

Substance,  and  in  still  more   modern  ibrmations. 
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These  remains  are  sometimes  convcrteil  into  a  cal- 
careous, siliceous,  or  pyritous  substance;  but  most 
frequently  they  have  not  changetl  tiieir  nature. 

We  shall  enumerate  the  principal  localities  in 
which  fossil  fishes,  or  ichthyolites,  have  been  founds 

1.  Claris,  The  substance  containing  the  fossil 
fish  is  a  blackish  slaty  rock,  sectile,  containing  dis- 
tinct spangles  of  mica,  as  also  limestone  in  small 
beds  parallel  to  the  stratification.  Holler  says  that 
in  the  slates  of  Glaris  he  found  very  fine  impre^ 
sions  of  the  ferns  of  the  Antilles.  The  fish  are 
recognised  by  the  marks  of  scales,  fins,  and  the 
general  external  outline.  They  are  not  accom- 
panied  \*nth  shells.  The  slaty  rock  has  been 
referred  to  the  transition  class  of  Werner. 

^.  Mount  Pikitc,  situated  in  the  canton  oi 
Lucerne,  almost  in  the  centre  of  Switzerland.  On 
the  summit  called  Tomlishorn,  fully  7000  feet, 
above  the  level  of  the  sea,  the  ichthyolites  occiu"  in 
schists  which  are  easily  separated  in  plates.  la 
almost  every  tablet  a  fish  is  found.  The  bone  is 
reduced  to  powder,  but  it  has  left  its  impression. 
A  great  quantity  of  teeth  have  been  observed.  The, 
rock  is  calcareous  mixed  witii  quartz  and  clay. 
Nummulites,  Madrepores,  and  other  broken  shells 
abound,  in  the  limestone.  At  the  foot  of  tlic  Esei^ 
two  petrified  trees  occur,  at  a  iieight  where  trees 
can  no  longer  grow. 

3.  Eislchcn.  It  is  in  the  county  of  Mansft,«, 
Thuringia,  Voightland,  and  the  Palatinate,  tliat  the 
most  remarkable  localities  of  a  species  of  ichthyo- 
lites occur,  contained  in  metalliferous  slates.  The 
flesh  of  the  fish   seems  to   have  penetrated   and 
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iltered  the  stone,  that  now  occupies  their  place. 

Sometimes,  the  trace  of  the  fish  takes  up  hardly  any 

room,  beinf^  represented  by  scales,  fins,  and  flattened 

heads.     The  stony  layers  in  which  the  fish  have 

been  compressed,  may  be  split  into  two  plates,  on 

each  of  which,  an  image  is  exhibited.     These  fish, 

^4ire  in  every  possible  attitude,  some  of  tlicm  three 

Bieet  long,  mostly  lying  on  their  backs,  or  recurved 

Kinto  constrained  positions,  ^vith  their  heads  usually 

Bicrushed  and  disfigured.     The  substance  enclosing 

them  is  a  cupreous  marly  schist,  impregnated  with 

bitumen,  and  sprinkled  with  argentiferous  pyrites, 

or  sometimes  with  mercury  in  the  state  of  cinnabar. 

These  schists  must  be  of  very   early  formation, 

since  tliere  arc  found  above  them,  beds  containing 

belcmnites,    cntrochites,    and    ammonites.      Fossil 

ih  similarly  situated  occur  in  France,  near  Autun, 

a  mountain  called  la  Muse, 

4.  Fossil  fish  are  also  found  in  superjacent  forma- 
rlions  ;  as  at  Grammont,  near  Beaune,  in  mountain 

iimestone;  in  the  high  mountiiin  of  Pietra-roya,  a 
portion  of  Mount  Mates  iu  Italy;  at  Stabia  in  the 
tsame  kingdom  ;  in  the  chalk  beds,  of  the  Paris  basin, 
gof  the  mountain  of  Saint  PieiTe  at  Maestricht,  and  of 

Perigueux  and  Gravcsend  ;  in  the  coarse  &hell  lime- 

ttonc  quarries  of  Nanterre,  oi'  St.  Denys,  and  other 
laces,  the  most  remarkable  of  which  tu"e  at  Solen- 

lofTcn  and  Pappenheim  in  the  valley  of  Altmuhl. 
•Tiie  fish    are  acconij)anied   with  crustacea,  and  a 

species  of  lunula?  and  asteria?. 

5,  Monte  Bolca^  in  the  Veronese.  The  most 
iccelebratcd  of  the  ichthyolitc  localities  is  undoubt- 
Udly  that  of  Monte  Bolca,  or  Vcstena-nuova.    This 

o 
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mountain  is  volcanic,  and  elevated  a  thousand  feet 
above  tlie  limestone  quarry.  That  contiuning  the 
fish  is  pretty  low,  and  reclines  against  lotly  moun- 
tains of  shell  limestone-  The  mountain  of  Vestena- 
nuova  is  composed  of  two  kinds  of  rocks  ;  oae  is 
merely  a  very  hard  marl,  forming  thick  beds  appar- 
ently  de\'oid  of  organised  remains  ;  the  second  is  a 
fetid  marly  slate,  which  may  be  cleaved  into  thin 
leaves.  The  fish  are  found  only  in  one  bed  two 
feet  thick-  They  consist  of  skeletons,  sometimes 
in  perfect  preservation,  placed,  without  any  token 
of  violence,  on  their  belly  or  side^  The  bones  occur 
in  a  somewhat  friable  state.  Occasionally  there  is 
nothing  but  a  concave  impression  within  the  slate* 
The  scales  are  seldom  to  be  obsen^ed,  but  merely 
a  trace  at  times  coloured,  indicating  the  form  of 
the  fish.  The  greater  part  of  them  seem  to  iiave 
been  seized,  or  rather  deposited  in  the  stratum,  in 
a  perfectly  entire  state ;  but  a  few  are  observed  to 
have  been  somewhat  decayed  before  deposition. 
The  rock  owes  its  origin,  most  probably,  to  the 
adjoining  volcano.     Shells  are  very  uucommou. 

&  Ichihifolites  have  also  been  found  in  fiatile 
marly  slates  in  the  Vivarais,  the  Vicentin,  Friiili, 
Antibes,  Dalmatia,  Cerigo,  Mount  Libanus,  Tripoli, 
Malta,  Sicily,  near  Cadiz,  Barbary,  Iceland,  and  in 
many  other  places. 

For  an  account  of  the  genera  and  species,  the 
reader  is  referred  to  a  copious  detail  in  the  article 
Poissons  Fossiles  ot'  the  Diciionnaire  des  Sciences 
NaiureUes, 

In  the  famous  locality  of  Montc-Bolca,  the 
following  genera  are  found :  the  shark,  rav,  file^ 
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fish,  sun-iish,  globe-lish,  palaeobalistum,  trumpet- 
fish,  pike,  silunis,  herring,  pipe-fish,  cod,  blenny, 
goby,  mackarel,  bull-head,  gurnard,  gilt-head, 
scitena,  perch,  flounder,  amia,  Ustularia,  flying-fish, 
muraenophis,  eel,  dory,  and  several  others.  i 

From  the  genera  that  have  been  recognised  in 
all  the  locaUties,  it  appears  evident  that  those  of 
Glariii,  Eisleben,  Pappenheim,  and  Vestena-nnova, 
have  been  formed  by  deposits  in  the  sea,  or  rather 
by  submarine  volcanoes.  The  whole,  with  the 
exception  of  Montmartre,  seem  to  have  been  tlie 
result  of  volcanic  violence  ;  even  tliatof  Aix,  most 
probably  belonged  to  the  same  head,  since  Saussure 
states  that  tliere  formerly  existed  powerlul  volcanoes 
in  that  district.* 

These  slaty  conglomerate  rocks  are  very  rich  in 
metals.  Here  are  found  the  celebrated  mines  of 
the  Hartz,  which  yield  annually  60  tliousand  hun- 
dred weight  of  lead,  and  a  considerable  quantity  of 
silver,  A  great  portion  of  the  muies  of  Hessia,  of 
the  territory  of  Naussau,  and  the  district  oi'  Arden- 
nes, are  in  similar  schists.  Several  of  the  richest 
veins  of  Mexico,  and  particularly  the  noblest  vein  in 
the  world,  la  veta  madr€y  at  Guanaxuato  is  in  these 
intermediate  formations  ;  to  which  also  we  must 
refer  the  famoits  mines  of  Potosi. 

The  greywacke  formation  is  the  first  of  Scotland 
in  geognostic  importance.      It   constitutes   alone 


*  CMts  of  fossil  fivh  hnvc  been  lately  found  in  the  old  red  Buidstone 
of  Ctashhcnaie  quarry,  parish  of  Errol,  Perthshire,  The  imbrication  of 
the  scales  Is  perfectly  visible ;  as  is  also  their  silvery  nnd  shining  appear- 
ance. No  entire  skeleton  has  yet  been  observed.  The  frological 
loeftlHy  ia  equivalent  to  the  grcywaf  ke  of  PUttenbcrij, 
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all  the  mountain  chains  of  the  mm&  ot 
couatij  The  district  of  LeadhiDs  is  aeirij  in 
dw  oentral  portion,  where  Lauder  rises  to  3190 
feeL  ThiH  chain  of  gre\'wacke  crosses  the  island* 
extending  from  sea  to  sea.  It  abounds  in  metallic 
[ireini*  grouped  together,  especially  in  its  wegtem 
'part.  A'arious  ores  of  lead,  zinc,  iron,  nickel,  and 
oc^per  occur,  of  which  tlie  iin>t  alone  is  an  object 
of  commercial  importance.  It  is  superfluous  to 
attempt  an  enumeration  of  the  places  where  this 
in  schist  18  found  ;  as  it  is  an  essential  con* 
ituent  of  almost  everj-  country  on  the  surface  of  j 
le  globe»  demonstrating  the  universalit^i*  of  those 
iterior  couinilsions  whicii  were  accessory  to  its] 
^production* 

Limestone. — The  limestone  of  the  submedial 
chuiK  is  to  be  distinguished  from  the  otlier  limestooeaij! 
liefly  by  its  position.  Its  grain  is  scarcely  so 
ily  crystalline  as  that  of  the  limestone  found 
among  tlie  primitive  rocks-  More  frequently  its 
fracture  is  scaly,  approaching  to  compact,  and  even 
•completely  so-  It  is  uniformly  translucent  on  the 
■edges,  unless  when  occasionally  mixed  with  too  large 
'ft  quantity  of  foreign  matter.  Its  colour  is  very 
various.  Most  part  of  the  marbles  employed  ini 
architecture,  are  i'rom  the  intermediate  rocks  j  the 
primitive  being  alone  adapted  for  statuary,  by  the 
£nencss  of  its  grain,  and  the  purity  of  its  white.  In  fl 
tlie  mixed  betls  of  slate  and  limestone,  each  of  the  ™ 
two  snbstiuices  is  formed  by  itself;  the  limestone 
occurring  in  flattened,  ovoid,  or  lenticular  masses,' ■ 
p^isposcd  in  nearly  parallel  planes,  separated  ^Ln((fl 
enveloped    by    the   schistose  mass.      Among   '^" 
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minerals  contained  in  the  intermediate  limestone^ 
we  may  distinguish  hyaline  quartz,  lydian  stone, 
(flinty  slate,)  and  mica,  or  talc,  passing  into  steatite. 
In  some  ot*  the  black  coloured  beds,  of  the  North 
of  France,  the  carbonaceous  matter  is  in  such  quan- 
tities, as  to  form  masses  of  stone  coal  (anthracite), 
approaching  occasionally  in  its  nature  to  common 
coal. 

In  the  older  limestones  of  Flanders,  a  great  quan- 
tity of  zoophytes  have  been  found.  These  with 
madrepores,  and  millepores,  are  sometimes  so  abun- 
dant in  certain  intermediate  strata,  that  M.  Schlot- 
theim  was  led  to  bcheve  them  ti)e  work  of  these 
animals,  like  the  limestone  reefs  of  the  South  8ea. 
The  orthoceratites,  which  approach  to  that  order  of 
animals,  also  occur  in  considerable 
abundance,  along  with  fragments 
of  entrochi  and  eucrinites.  The 
shells  most  frequently  found  tliere, 
are  terebratulites,  turbinites,  cer- 
tain ammonites,  and  belemuites. 
But  the  only  fossil  which  appears 
to  be  characteristic  of  the  tran- 
sition limestone,  is  the  trilobite,  a 
singular  extinct  animal  of  either 
the  crustaceous  or  insect  tribe. 

In  a  great  many  points  of  the  Hartz  mountains, 
particularly  towards  Blankenberg,  it  furnishes  a  fine 
marble  like  that  called  by  the  Italians,  rosso  corallino. 
In  Saxony,  it  occurs  in  the  vicinity  of  Kalkgrun 
and  Wildenfels,  tiom  wliich  it  extends  even  into 
the  territory  of  Bayreuth.  There  it  forms  ditlerent 
marbles^  one  of  which  is  black,  and   approaches 
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closely  to  that  known  in  Italy,  under  tlie  name  of 
Nero  d'Egitto.  It  is  full  of  fragments  of  entroclii 
In  the  South  of  France,  among  the  Pyrenees,  the 
transition  limestone  is  very  abundant  j  constituting 
the  principal  mass  of  the  intermediate  formations 
of  these  mountains.  In  the  nortli,  it  forms  a  por- 
tion of  the  great  transition  zone,  which  stretches 
from  Flanders  into  the  Hartz.  Here  it  alternates 
repeatedly  with  rooting  slate.  It  furnishes  Paris 
with  black  marbles  (of  Namur  and  Dinant).  The 
granite  marble,  of  the  Ecaussines,  4  leagues  nortli  of 
Mons,  has  white  spots,  which  are  fragments  of  shells, 
particularly  encrinif  converted  into  lime-spar.  These 
transition  rocks,  serx'e  as  a  basis  to  the  coal  district 
of  Flanders,  The  Alps  are  flanked  by  a  prodigious 
calcareous  belt,  which  extends  from  France  into 
Hungary,  from  8  to  15  leagues  in  breadth,  rising 
into  mountains  upwards  of  1^,000  teet  high.  A 
portion  in  contact  with  the  primitive  formatioB$»  fl 
belongs  to  the  intermediate  class,  and  alternates  with 
clay  slate.  A  few  trochitcs  and  encrinites  occur  in  it. 

In  England,  one  narrow  chain  of  submedial  lime- 
stone, runs  through  South  Wales,  in  a  soutli-west 
direction  from  near  Wolverhampton,  south  of  St, 
David's;  another  in  North  Wales  passes  from  near  h 
Ormeshead,  south  through  Llanrwst  to  Bala ;  a  V 
third  goes  from  Shap  towards  Ulverstone,  through 
Westmoreland  ;  fourthly,  there  are  several  ridges  of 
it  near  Exeter  and  Plymouth  ;  besides  a  few  smaller 
separate  patches.  It  occurs  in  Scotland,  near  the 
Crook  on  the  road  to  Mofiat,  and  in  many  other 
situations.  f 

Ciypsuu   is  very  common  in   the  intermediate 
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Strata.  That  of  the  Alps  is  usually  of  a  very  white 
colour,  a  fine  grain,  and  sometimes  compact,  con- 
taining also  paiticles  of  limestone,  mica,  or  talc, 
sal  gem,  and  sulphur.  The  salt  mines  and  springs 
of  Bex,  near  Geneva,  are  supposed  to  belong  to  a 
saliierous  gypsum  lying  in  beds,  among  usubmedial 
limestone  impregnated  with  argillaceous  and  coaly 
matter.  Among  these  are  strata  of  clay-slate  pas- 
sing  into  grey wacke,  containing  a  pretty  hu-ge  quan- 
tity of  salt  in  grains,  nodules,  and  veins,  7  or  8  inche(» 
thick.  The  gypsums  of  Tyrol,  Salzbourg,  Wieliczksi, 
:c.  lie  in  a  mass  of  clay ;  they  are  anhydrous  in 
the  interior  of  the  mines,  but  at  about  60  feet 
\froxD  the  surface  of  the  ground,  water  has  been 
introduced,  converting  them  into  ordinary  Paris 
plaster.  The  gypsum  of  the  environs  of  Tarascon, 
in  the  Pyrenees,  rests  on  the  primitive  rocks,  and 
is  covered  by  a  hmestoue  containing  ammonites. 


i 

I 
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«hap.  m.— medial  or  carboniferous  strata. 


Wb  now  approach  a  subject  of  great  geological 
interest,  the  coal-measures ;  the  main  spring  of 
the  manufacturing  prosperity  of  Britain,  On  enter- 
ing  on  these  formations,  a  few  remarks  on  their 
general  features  may  be  useful.  We  no  longer  find 
ourselves  among  rocks,  consisting  of  such  a  variety 
oi'  minerals,  and  mineral  elements,  which  being  dif- 
ierentiy  combined,  according  to  complex  laws  of 
affinity,  and  peculiar  local  circumstances,  produced 
a  great  diversity  of  compounds.  Here  we  shall 
have  more  unilbrraity  j  we  shall  observe  masses 
relatively   simple,   deposited  one  over  another   in 
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the  form  of  layers  of  considerable  extent.  The 
superpositions  will  be  very  manifest,  tlic  relative 
ages  incontestible,  and  the  systems  of  beds  consti- 
tuting a  whole,  or  the  formation-suites,  will  be  much 
easier  to  recognise  and  determine. 

Strata  of  limestone,  alternating  with  strata  result- 
ing from  the  debris  of  primitive  rocks,  make  up 
the  entire  body  of  secondary  formations. 

To  the  limestone  properly  so  called,  gj^psum  is 
sometimes  joined.  The  debris  of  ancient  rocks 
unite  here  to  form  breccias,  puddingstones,  sand- 
stones,  sands,  clays  and  marls.  These  severafc 
matters,  by  the  diflereuces  which  they  present  in 
their  associations,  and  in  the  substances  which 
accompany  them,  or  which  they  include,  enable  us 
to  determine  their  diversities  of  epoch  or  deposition. 
'  The  numerous  vestiges  of  animals  and  vegetables, 
which  occur  in  secondary  districts,  will  aflbrd  us  a 
great  facility  for  effecting  these  determinations  ;  the  *- 
different  formations  possessing  always  some  fossil 
peculiar  to  them,  which  enables  them  to  be  distin- 
guished, even  when  they  occur  in  insulated  spots, 
80  tliat  their  true  geological  locality  could  not  other- 
wise be  known.  The  secondary  formations  which 
have  been  most  studied,  arc  those  of  England,  tlie 
centre  of  Germany,  and  the  North  of  France. 

In  tlie  central  parts  of  Germany,  in  Thuringia, 
Mansfeld,  &c.  a  great  many  mines  of  coal,  copper, 
and  salt,  have  made  the  strata  be  well  understood. 
They  present  four  great  formation-suites.  The  first 
which  reposes  immediately  on  the  primitive  or  tran- 
sition beds,  is  chiefly  composed  of  sandstone,  and 
bears  the  name  of  red  sandstone,  or  coal  sandstone. 
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the  coal  measures  forming  a  part  of  it.  The  second 
which  comprehends  the  most  ancient  of  the  secon- 
dary limestones,  is  divided  into  two  principal  layers. 
The  third  is  a  newer  sandstone  called  the  spotted  or 
speckled  sandstone,  or  sandstone  with  clay.  And  the 
last  is  a  limestone  enclosing  many  shells,  and  called 
in  consequence  the  shell  limestone  (muschelkalk). 

Mr.  William  Smith  was  tlie  first  geologist  who 
showed,  in  his  admirable  researches  and  map,  that 
England  is  regularly  distributed  into  strata,  that  the 
order  of  superjjosition  is  never  inverted,  and  that 
exactly  similar  fossils  aie  found  in  all  the  portions 
of  the  same  stratum,  and  at  great  distances  asunder. 
The  following  is  the  order  given  by  Mr,  Smith. 
On  the  primitive  territory  which  forms  the  western 
portion  of  England,  there  exists  a  red  or  brown 
sandstone,  which  appears  to  be  a  grcywacke,  above 
which  lies  the  cncrinal  or  mountain  limestone, 
which  some  have  described  among  the  intermediate 
class.  We  find  after  this,  progressively  as  wc  advance 
towards  the  east,  a  succession  of  great  beds  which 
dip  towards  that  point  of  the  horizon.  These  beds 
are: — 


1.  llie  coal  formation  or  cool  meastires  ; 

2.  Yellowish  inagiiofiiaD  liinestj>iie  ; 

3.  Marl,  and  red  sandstone,  g)'p8un),  roe'k-salt ; 

4«  Ar^illo-bitumnioa»  limestont*  (Lia»),  I'ontaining  many  am- 

inumt4>H. 
6.  Blue  inarl  with  belemnites,  gryphitee  ; 

6.  Oolitic  limestone ; 

7.  Conipart  limestone  with  flclnstose  clay  ; 

8.  While  and  ttandy  limentonc — a  thin  layer  ; 

0.  Schistose  clay  of  a  deep  bine  colour ;  calcareous  aud  bitu- 
ininoiu; 
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10.  Fen-ngiiious    Boati,   cxmUtning   calctivooa    mtMCS,    fuUer't 

eartli,  clay ; 

1 1.  Limestone  with  reuiains  gf  madrepores  and  pisolites  ; 

12.  Blui.sh  marl: 

13.  Green    «aiid,    often    chlorilic   aandatoRe    with    cslcsnovs 

r-eiHent ; 
U.  Clralk; 
16.  Saud; 

16.  Plastic  clay ; 

17.  Bluiali  ur  London  clay. 


StfaMtB. 
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Srctionai  view  of  the  seriet  of  strata  from  Snowdtm  to  Landan. 
1.  Old  red  sandstone;  2.  Mountain  limestone;  3.  Coal  meamirfla* 
\.  Ma^esion  limestone ;  6.  Red  marl ;  6.  Lias ;  7.  Oolite ;  8.  Lime- 
stone; 9.  Clay;  10.  Hand;  11.  Lime  marl;  12.  Green  sand;  13. 
Clialk;  14.  Sand;  15.  Clay;  IG.  London  clay.  From  the  narrow 
lioumU  of  the  B^ire,  strata  4,  5,  &c.  are  placed  in  an  inclined,  inalaad 
of  a  nearly  hori/out^l  position. 

An  analogous  suite  of  strata  has  been  observed 
in  France,  and  other  parts  of  the  continent ;  which, 
if  not  entirely  the  same,  arc  at  least  equivalent 
tbrmationsj  that  is,  parallel  and  congruous. 

Before  entering  into  the  details  of  the  several 
strata,  we  may  take  a  general  view  of  their  relations. 
The  red  sandstone  passes  by  an  uninterrupted  con- 
tinuity into  tlie  greywacke ;  it  is  the  same  sub- 
stance in  every  respect,  only  the  bed  alternating  with 
the  clay-slate  is  regarded  as  belonging  to  the  Inter- 
mediate  class.  The  coal-santistone  is  linked  also 
with  other  rocks,  which  extend  even  to  the  primi- 
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five  formations,  of  the  eruptive  kind,  namely,  granite 
and  porphyry,  as  at  Ttuuingerwald.  The  con- 
uexion  of  the  intermediate  Hmestone,  witli  the  coal 
measures,  is  in  hke  maimer  certain.  Ou  quitting 
il\e  district  of  Newcastle,  which  presents  the  coal 
formation  in  its  utmost  purity,  and  advancing 
towards  Derbyshire,  we  observe  first  of  all  some 
beds  of  encrinitic  or  mountain  limestone,  placed 
between  the  sandstone  strata,  which  increase  ia 
nuniber,  and  eventually  become  tlie  predominant 
rock.  It  appears,  therefore,  that  in  the  successioa 
of  mineral  strata  there  is  such  a  concatenation,  that 
on  departing  from  one  line,  it  is  difficult  to  point 
out  any  broad  plane  of  demarcation,  either  above  or 
below;  and  we  are  led  by  the  most  striking  relations 
to  consider  certain  masses  as  forming  but  a  single 
luite,  which  viewed  separately,  and  at  a  great 
distance,  are  perfectly  distinct* 

The  coal  measures  form  most  regular  beds  of 
stratification,  with  peculiar  inflections  worthy  of 
attention.  A  very  large  portion  of  this  formation 
is  deposited  in  vaHeys,  at  the  foot,  and  along  the 
flanks  of  primitive  mountains ;  it  is  mouldL^d  on 
tlteir  bottoms  and  sides,  and  partakes  of  all  their 
inequalities  ;  thence  arises  the  contorted  shape  of 
certain  strata  of  coal ;  thence  their  direction  parallel 
to  that  of  tlie  sides  of  the  basin  which  encloses 
them,  and  determines  their  sinuosities ;  tlience  their 
great  inclination  against  the  precipitous  flanks  of  a 
valley,  their  gentler  slope  towards  the  middle,  where 
they  become  horizontal,  and  their  renewed  ascent 
and  inclination  on  the  other  side  of  the  valley. 
Geological  observation  proves  in  general  that  these 
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Strata  are  now  in  the  same  situation,  as  at  the  perioc 
of  their  deposition  on  the  primitive  rocks  ;  and  con- 
sequently that  neither  eruptions  nor  revolutions 
have  set  them  up  in  the  incUned  posture  which  they 
exhibit  in  very  many  places.  When  they  are  greatly 
inclined,  they  become  gradually  thinner  transversely 
towards  die  upper  edge  of  the  basin,  and  thicker 
towards  its  bottom,  an  effect  analogous  to  what 
would  happen  to  materials  deposited  on  the  sloping 
surfaces  of  planes  lying  more  or  less  oblique  to  the 
horizon.  To  this  statement,  there  are  no  doubt 
many  exceptions ;  for  it  is  well  ascertained  that 
several  beds  have  been  raised  up  subsequently  to 
their  deposition  and  consolidation.  We  may  mention 
the  beds  of  Anzin,  near  A'alencienncs,  so  singularly 
folded  backwards  and  forwanls.  To  form  an  idea 
of  their  derangement  let  us  conceive  a  stjatum 
dipping  towards  the  south  at  an  angle  of  7^** ;  that 
at  a  certain  depth,  two  hundred  yards  ibr  example, 
it  turns  suddenly  back,  rising  towards  the  north  at 
an  angle  of  15*  with  the  horizon  ;  after  proceeding 
in  this  direction  for  nearly  600  yards,  it  is  iolded 
back  again,  so  as  to  dip  sontlnvards  anew  at  an 
angle  of  7'5°.  It  thus  presents  nearly  the  figure  N- 
Let  us  now  imagine  a  great  number  ol'  strata  of 
coal,  sandstone,  and  shale  (slate-clay),  having  all  tJiia 
shape,  incased  one  witliin  another,  and  thus  foiming 
an  enonnous  bale,  half  a  league  broad,  and  several 
leagues  long,  and  we  shall  have  a  pretty  exact  idea 
of  tlie  system  of  beds  in  which  lie  the  valuable 
coal-mine-s  of  Anzin.  In  these  convolutions  the 
strata  of  coal  urc  frequently  broken,  their  tabular 
masses  are  intermixed  with  those  of  the  rock,    but 
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'sometimes  also  the  foldings  are  rounded  off,  with- 
out any  appearance  of  rupture.  A  bed  nearly  two 
feet  thick  was  observed  by  M.  D'Aubuisson,  folded 
into  a  very  regular  curvature,  forming  an  arc  of 
about  1()0°,  with  a  radius  of  1-  yards  ;  all  the  table^i 
of  the  coal  followed  this  curvature,  preserving  a 
perfect  parallelism  with  the  contour,  and  the  same 
thing  was  manifest  in  the  mineral  strata  of  the  roof 
and  the  floor.*  The  collieries  of  the  environs  of 
-Mons,  and  of  several  other  places,  present  foldings 
of  the  same  kind. 

What  may  be  the  cause  of  such  extensive,  extra- 
ordinary, and  we  might  even  say  grotesque  convo- 
lutions ?  We  may  remark,  in  the  first  place,  that 
jtJie  stratum  of  slaty  clay,  or  sandstone  which  forms 
the  roof  of  a  bed  of  coal  in  one  of  its  portions,  serves 
as  a  floor  a  littJe  further  on  ;  and  that  consequently, 
Jmd  the  foldings  been  of  original  formation,  the 
stratum  of  sandstone  deposited  immediately  after 
that  of  coal,  should  have  been  placed  there  partly 
above  and  partly  below,  an  absolutely  impossible 
event,  especially  when  the  deposition  is  mechanical 
like  sandstone.  As  no  cliange  of  position  in  the 
coal  measures  taken  in  their  totality  could  exhibit 
a  case,  where  the  bed  of  sandstone  would  have  been 
deposited  entirely  above  the  stratum  of  coal,  we  nuist 
necessarily  admit  that  the  fonn  of  tlie  beds  is  owing 
to  a  mechanical  cause  which  has  acted  posteriorly 
to  their  formation,  but  before  their  complete  conso- 
lidation, since  the  beds  present  in  several  places  curv- 
atures perfectly  rounded  off  witliout  any  fracture. 
•    Contortions  analogous  to  the  above  are  displayed 

•  Tniite  *le  Oeogrosie,  Tom.  II,  p.  285. 
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in  a  particularly  striking  form  on  the  coasts  of 
Bridesbay,  Pembrok£shire,  near  Littlehaven.  Gen- 
erally speaking  where  solid  masses  of  limestone  and 
sandstone  associated  with  the  coal  are  raised  up  in 
high  angles,  but  still  placed  in  nearly  regular  planes, 
the  more  tender  argillaceous  or  slate-clay  beds  are 
usually  folded,  or  as  it  were  crumpled  together. 
The  Mendip  hills  and  adjacent  colheries  in  vSomer- 
setshire  afford  good  illustrations  of  this  fart,  which 
strongly  suggests  the  idea  of  a  mechanical  force 
having  elevated  the  more  solid  rocks  in  mass  j 
while  the  more  pliant  materials,  yielding  to  its 
lateral  pressure,  have  become  ijTegidarly  contorted. 
These  phenomena  cannot  be  ascribed  to  any  intrin- 
sic agency  like  crystallization ;  for  they  appear 
common  to  all  rocks,  even  those  most  tlecidedly 
mechanical  in  their  structure.  They  are  equally 
observable  in  tlic  most  recent  members  of  the  oolitic 
series  in  the  Isle  of  Purbeck, 

The  faults,  slips,  or  dislociitions  of  the  coal-iields, 
are  irresistible  evidences  of  their  having  been 
affected  by  violent  mechanical  convulsions,  subse- 
quently to  their  original  formation.  These  fissures 
which  ti'avcrse  the  stj'ata  in  so  many  directions^ 
have  occasioned  the  dowTifall,  and  upheaving  of  the 
two  portions  which  they  disjoin.  Hence  when  the 
miner  advancing  in  the  line  of  his  seam,  comes  to 
a  fissiun;,  he  no  longer  finds  the  coal  on  the  same 
level ;  the  corresponding  part  of  it,  is  one,  two, 
three,  or  more  yards  lower  or  higher  accorduig  to 
the  force  of  dislocation.  These  fissures  are  fre- 
quently  filled  with  fragments  of  sandstone,  and  the 
other  substances  of  the  coal  formation,  when  they 
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are  called  faults.  Their  magnitude  is  often  con- 
siderable, amountinp;  sometimes  to  100  yards  in 
thickness.  At  other  times  die  seams  of  coal  are  not 
deranged  from  their  position,  but  the  portions  con- 
tiguous to  tlie  faults  are  as  it  were  contorted  or 
>roken-  It  is  obvious  how  interesting  to  the  miner, 
le  knowledge  oi'  these  dislocations  must  he>  of 
f^v'hich  a  great  many  arc  occasionally  crowded  into 
naiTow  space.  They  are  sometimes  called  traps, 
•om  their  resemblance  to  a  step,  so  named  in  the 
lorthern  tongues.  The  direction  of  the  fissures  is 
loniy  vertical. 


•n  VI)  t      70 

.  Seamt.  P»uHon  Hill.  TaiiUon  t'liurrh 

The  above  A)^e  is  p«rt  of  a  section  ot  the  Bristol  cosi  basin,  from 
J«,N.W.  to  aS.E.  Tbe  fault  of  70  fathoraa,  on  tlie  left.  In  near  Mid- 
summer  Norton  ;  that  at  the  right»  is  near  Iligh  Littleton.  Paiilton 
^ill,  to  the  left  of  the  20  fathom  fault,  is  topped  with  oolite,  beneath 
vhkh,  is  a  bed  of  lias,  then  the  newer  red  sandstone,  and  finally,  the 
peoaaot  and  ctud  seams.  Tbe  wood-engravio^  is  accurately  cojiiLnl  froin 
a  section  accompanying  the  Uev.  Dr.  Buck!und'»  axid  Mr.  Conybeare*s 
excellent  paper  on  the  .louth'wefltern  coal  district  of  England. — Geolo' 
gieai  Tratuaeiionsy  New  Series,  Vol,  I.  p.  SIO. 

The  coal-measures,  especially  in  Great  Britain, 
are  also  sometimes  cut  across  by  great  veins  or 
dykes  of  a  basaltic  nature.  At  Newcastle  these  are 
very  numerous,  and  their  size  is  sometimes  prodi- 
giously great.     They  extend  througli  a  great  many 
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miles  of  country,  with  a  tliickiiess  of  ten,  twenty^ 
or  even  fifty  yards.     Their  colour  is  blackish-green  $ 
they   are  compact,  and  sometimes   amygdaloidal, 
having  almond-like  concretions  interspersed  in  thei 
(ubstance.     In  tJieir  proximity,  tlie   coal   is   car- 
l>onised,  assuming  a  grey  colour,  and  a  reedy  stru 
ture,  the  sulphur  is  sublimetl  out  of  the  pyrites, 
md  the  sandstone  has  acquired  considerable  hard 
less.     These  changes  extend  to  several  yards  dis-., 
ince,  even  to  twenty  in  some  situations.   Occasion- 
ally these  veins  seem  as  if  composed  of  two  portions 
separated  by  a  middle  space,  a  few  yards    wide, 
which  is  filled  with  the  materials  of  the  coal  foniia- 
tion^more  or  less  altered.     In  one  of  these  inter- 
stices,  galena^  has  b^n-Touiui.     The  two  pcnaon 
of  the  same  coal-seam '^remain  sometimes  on  the 
same  plane,  on  either  side  of  the  vein  ;  but  at  otlief 
times,  the  deviation  is  very  great,  being  nearly  '-200 
yards  alongside  of  one  dyke  in  Northumberland ; 
itliat  being  the  most  remarkable  one  of  the  district* 
Basaltic  dykes  traverse  the  subjacent  fonnations 
of  limestone  and  millstone-grit,  as  well  as  the  coal 
measures  themselves.     They  may  be  seen  indeed 
penetrating   up  into   rocks   of  much   later   date- 
Limestone  is  ot\en  rendered  highly  crystalline  and 
unfit  for  burning  into  lime,  from  the  influence  of 
this  rock,  as  happens  to  the  two  undcnnost  strata 
at  Wratchiff  crag  in  Northumberland.     Slate-clay, 
or  shale,  is  turned  into  a  substance  like  flinty  slate 
or  porcelain  jasper.     This  is  the  case  with  the  stra- 
tum   lying    innnediately   beneath    the  upper   bed 
of  basiilt  at  Wratchift*  crag  ;  and  the  coal  is  inva- 
r/flW// charred,  into  blind  coal  or  coak,  when  in  con- 
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^tact  with  it.  The  sandstone  on  which  it  sometimes 
reposes,  is  changed  for  some  depth  to  a  brick- 
red  colour.  The  most  considerable  dyke  in  the 
neighbourhood  of  Newcastle,  is  that  which  passes 
tlirough  the  Coley-hill,  about  four  miles  west  of  the 
town*  The  dyke  is  vertical,  and  24-  feet  tliick* 
The  basalt  composing  it,  lies  in  detached  masses, 
which  are  coated  with  yellow  ochre.  The  removal 
of  these  brings  to  view  thin  layers  of  indurated 
clay,  with  wliich  the  fissure  is  lined,  which  break- 
ing into  small  quadrangulai*  prisms,  are  used  by  the 
country  people  for  whetstones.  In  this  argilla- 
ceous substance,  clay-ironstone  impressed  with  the 
iigure  of  fenxs  is  very  abundant.. 

The  upper  seam  of  coal  occurs  here  at  about  35 
feet  beneath  the  surface,  and  where,  in  contact 
with  tlie  dyke,  is  completely  charred,  forming  an 
ash-gray  porous  mass,  which  breaks  into  small 
columnar  concretions,  exactly  resembling  the  coak 
obtained  by  baking  coal  in  close  iron  cylinders  in 
the  process  of  distilling  tar.  Calcareous  spar  and 
sulphur  arc  disseminated  through  tl)e  pores  of  this 
substance.* 


•  To  the  eaat-aouth-east  of  the  Coley-hill  dyke  in  the  line  of  its  direc- 
tion, a  vrin  is  found  traversing  Walker  Collier}',  and  croasing  the  Tywe 
«t  Walker.  This  dvke  is  well  defined.  It  occasions  no  altcmtion  in 
the  level  of  the  coal  strata,  and  its  depth  is  unknown.  It  has  been  cut 
through  by  horizontal  tunnels  at  four  places.  On  each  side  of  the  dyke, 
tA^  coal  is  converted  into  coaA\  which  on  one  side,  in  some  places,  was 
found  to  be  18  feet  thick,  and  on  the  opposite  side  upwards  of  nine 
feet.  A  firm,  hard,  and  unliroken  vein  of  basolt,  on  an  average,  about 
13  feet  Chick,  was  in  immediate  contact  with  the  coak  on  each  side; 
•nd  between  these  two  vein^  lay  nodules  of  bivvilt  and  sandstone, 
upwards  of  nine  feet  in  lliickncss,  imbedded  in  a  cement  of  blue  slate. 
A  dyke  called  the  Cockficld  dyke,  which  is  17  feet  wide,  underlies  to 
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In  Derbyshire,  the  Basaltic  beds  and  veins  are 
called  Toadstone  from  their  colour,  and  in  Warwick- 
shire, Rowleyrag,  from  a  group  of  hills  formed  of 
it  at  tlie  village  of  Rowley,  near  Birmingham. 

The  trap  often  occurs  as  at  Rowley,  in  overlying 


Hic  south,  and  throws  up  the  coal  measures  on  that  side  ISfeet,  Thelow 
main-coal  contiguous  to  the  basalt,  is  only  nine  inches  thick,  but  enlnrgei 
to  6  feet  at  the  distance  of  160  feet  from  iL  The  coal  ii  redmetd  to  m 
cinder,  and  the  sulphur  U  sublimed  from  the  pjTitcs  near  to  the  dyke. 

A  dyke  is  seen  on  the  banks  of  the  Tees,  a  little  below  Yarm,  It 
there  passes  into  the  newer  red  sandstone,  and  continuing  its  course  in 
the  same  direction,  is  well  known  to  traverse  the  north-eastern  port  of 
Yorkshire,  near  the  stitl  more  recent  formations  of  lias,  and  the  sand- 
stone of  the  inferior  oolite,  in  the  eastern  Moorlands,  in  its  way  to  the 
German  Ocean.  This  dyke  is  highly  interesting  from  its  great  leogtli. 
and  froin  the  evidence  which  it  ofiords  by  thus  penetrating  later  rocka^ 
that  it  must  bnvc  owed  its  origin  to  eruptive  forces,  in  action  at  a 
period  long  subsequent  to  the  formation  of  the  coal;  a  proof  which 
yields  a  strong  analogical  presumption  that  the  other  dykes  of  the  coal- 
measures  arc  likewise  subsequent,  and  not  contemporaneous  phenomena. 

These  circumstances  render  the  course  of  this  dyke,  through  the 
more  recent  formations,  a  matter  of  much  geological  importance.  It 
may  be  traced  from  Berwick  on  the  Tees  in  nn  easterly  direction,  IMMT 
the  villages  of  Stanton,  Newby,  Nanthorp,  and  Aytun.  At  1  .nngbrth 
ridge  a  quarry  is  worked  in  it ;  it  passes  south  of  the  remarkable  hill 
called  Roseberry  Topping,  near  Stokesly,  and  thence  by  Ijinsdale  to 
Kildale.  It  may  be  seen  on  the  siu^cc  nearly  all  the  way  in  the 
above  track.  From  KUdule  it  passes  to  Denbigh-dole  end,  and  through 
the  village  of  Egtou-brtdge,  and  hence  over  LeuL*c  riJge  through  Cioth- 
land,  crossing  the  turnpike  road  from  Whitby  to  lackering,  near  the 
seven-milestone  at  a  place  called  Sillon-cross  on  a  high  moor.  Mr. 
Bokewell  examined  it  at  this  place,  where  it  is  quarried  fur  the  roadsi 
and  is  about  10  yards  wide.  From  this  place  it  may  be  traced  from  BLea- 
liill  to  Horwood  dale,  in  a  line  towards  the  sea,  near  wliidi  it  is  covered 
witki  alluvial  soil ;  there  can  be  no  doubt,  however,  that  it  extends  into 
the  German  Ocean.  It  is  a  dark  grayish-brown  bu^t,  which  tumf 
t>rown  on  exposure  to  the  atmosphere,  and  b  the  chief  material  for 
making  roads  in  the  district  called  Cleveland.  The  dyke  enters  the 
lias  Dear  Nanthorp,  and  the  sand  o^  the  inferior  ooUte  near  Roscbeny 
Topping, 
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masses,  as  if  effused  above  tlie  strata,  forming  tops 
to  the  mountains,  and  distinctly  reposing  on  the 
coal  measures.  Mr.  Bakewell  states,  that  he 
observed  in  connexion  with  the  basaltic  cap  of  the 
Tinterston  Clee  (Shropshire),  a  vast  fissure  or  dyke, 
more  than  100  yards  wide,  filled  witli  the  same 
basalt  that  intersected  the  hill,  cutting  through  the 
coal  fields,  it  rises  from  an  unknown  depth,  and 
seems  to  have  forced  a  part  of  the  coal  to  the  sur- 
face. Where  the  basalt  comes  out  in  contact  with 
the  coal,  it  has  injured  its  quality,  and  reduced  it  to 
a  sooty  state. 


5  I.  OF  THE  NATURE  AND  ORIGIN  OF  COAL. 

There  are  three  diiferent  substances  to  which  the 
name  of  coal  has  been  given  : — 1.  Lignite  or  fossil- 
ized wood,  in  some  places,  retaining  its  texture  very 
distinctly,  and  passing  by  a  series  of  gratlations 
from  this  state  to  that  of  jet.  Bovey  Heathfield,  in 
Devonshire,  affords  a  good  example  of  this  deposit ; 
and  similar  betls  may  be  found  on  the  banks  of  the 
Rhine,  between  Cologne  and  Bonn  j  as  also  in  the 
basaltic  area  of  the  north-east  coast  of  Ireland. 

2.  Anthracite  or  stone  coal,  a  substance  destitute 
of  bitumen,  occurs  on  the  continent,  in  mica-slate 
and  other  primitive  rocks.  In  the  transition  slates 
of  Derbyshire,  anthracite  also  occurs,  Ciirbona- 
ceous  matters  of  tliis  kind  can  never  be  profitably 
worked,  so  as  to  become  objects  of  statistical  interest 

3.  The  proper  coal  measures,  called  the  Inde- 
pendent Coal  Formation,  by  Werner,  from  its 
occurring  in  insulated  basins.  This  great  carbona^ 
ceous  deposit  is  interposed  between  the  mountain 
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limestone,  and  old  red  sandstone  below,  and  the 
saliferous  or  newer  red  sandstone  above. 

Coal  is  a  peculiar  compound  of  carbon,  hydrogen, 
and  oxygen,  ia  which  the  first  principle  greatly  pre- 
dominates. A  little  azote  is  also  generally  present. 
Some  coals,  when  distilled  at  a  red  heat,  afford  a 
considerable  quantity  of  bitumen  or  tar,  others, 
such  as  blind  coal,  afford  none,  and  burn  without 
flame.  The  bitimiens,  petroleums,  and  naphthas, 
contain  more  hydrogen,  and  less  oxygen,  than 
coals  do. 

Dr.  Macculloch  has  shown,  that  the  substances 
produced  from  wood  exposed  under  jiressure,  to 
the  action  of  fire,  are  not  true  bitumens  or  coal, 
as  had  been  supposed  by  Sir  James  Hall,  but  forms 
of  a  peculiar  compound,  rcsembliug  indeed  the 
bitumens  in  colour  and  inflammability,  but  essen- 
tially different  in  many  respects,  containing  more 
oxygen  than  the  true  bitumens.  He  calls  tliis  arti- 
ficial body,  bistre^  a  name  commonly  given  it  by 
artists.  The  doctor's  experiments  discountenance 
the  idea  that  fire  has  been  the  agent  of  converting 
vegetable  matter  into  bitumen. 

By  a  series  of  experiments  on  peat  and  various 
lignites,  their  gradual  progress  of  bituminization 
was  ascertained.  In  jet,  the  extreme  term  of  the 
lignite  scries,  no  chemical  difference  .from  coal 
existed,  except  tliat  it  afforded  acid  in  distillation, 
instead  of  ammonia,  or  volatile  alkali,  which  is  a 
product  of  true  coal. 

We  have  evidence  indeed,  that  the  action  of  water, 
on  turf,  or  wootl,  is  sufficient  to  convert  them  into 
substances  capable  of  yielding  bitumen  in  distilla- 
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tjon.     The  same  action  operating  during  a  longer 
period,  may  have  probably  produced  a  change  on 
the  brown  coal  of  Bovey.     From  tliis  to  the  harder 
lignites,  surturbrand,  and  jet,  the  transition  is  so 
gradual,  that  water  may  possibly  eflect  the  bitumi- 
nization  in  all  these  varieties;  "  nor  is  there  aught  in 
this  change,"  says  Dr.  Macculloch,  "  so  dissonant 
from  other  chemical  actions,  as  to  make  us  hesitate 
in  adopting  this  cause.     By  the  application  of  heat 
under  compression,  to  jet,  it  seems  to  fuse  into  a 
substance  like  true  coal."    The  incipient  stage  seems 
tlierefore  the  work  of  water,  tlie  final  one>  of  fire. 
Whether  these  two  agents  have  been  conjoined  by 
nature  in  her  great  coal  formations,  is  altogether 
uncertain,  and  must  be  left  to  future  inquiry.    Cer- 
tainly that  hypothesis  which  traces  the  change  to 
water  alone,  is  the  preferable.     Had  fire  been  an 
agent  extensively  or  generally  employed,  it  is  difficult 
to  conceive  why  it  did  not  at  the  same  time  conso- 
lidate the  shales  and  sandstones.     The  coal-districts 
exhibit  no  unequivocal  tokens  of  igneous  agency, 
except  where  they  arc   traversed  by  whin-dykes. 
The  great  chemical  argument  appears  to  be,  that 
the  coal   exhibits  exactly  the  same  results,  as  the 
most  decided  lignites,   the  process   being  merely 
further  advanced.     Iron  pyrites  is  often  dissemi- 
nated in  great  abundance  among  the  coal*     1  have 
examined  with  great  care  many  specimens  of  coals 
of  the  purest  quality,  and  have  always  found  in  them 
more  or  less  iron. 

However  numerous  and  powerful  the  objections 
which  may  be  offered  against  the  vegetable  origin 
of  coal,  it  appears  very  difficult  to  contest  it. 
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When  we  see  the  multitude  of  reeds  filled  and 
surrounded  with  sandstone,  having  their  tliin  scaly 
bark,  converted  into  a  true  coal,  it  is  impossible  to 
doubt  of  its  vegetable  origin.  The  same  tiling  is  true 
of  the  impressions,  whicli  arc  very  frequently  found 
in  the  slate-clay,  completely  reduced  to  tlie  state 
of  common  coal.  Wlicn,  in  the  coal-measures,  we 
obser\'e  the  vestiges  of  vegetables  becoming  more 
numerous,  in  projjortion  a*s  we  approach  the  strata 
of  coal,  and  as  tlie  formation  becomes  more  carbo- 
naceous, it  is  difficult  to  avoid  thinking  that  they 
must  have  existed  in  a  still  greater  quantity  in  the 
coal  seam  itsell".  If  they  are  no  longer  perceptible 
there,  it  is  owing  to  chemical  agents,  operating 
on  these  masses  of  plants,  entirely  decomposing 
them,  and  rendering  their  remains  indiscernible. 
Plants  have  been  there ;  but  coal  has  replaced  them. 
It  is  therefore  natural  to  conclude  that  they  have 
been  transformed  into  this  subst;uice,  especially  as 
observation  and  cliemistry  concur  to  show  the  pos- 
sibility of  this  transformation.  But  did  w^oods, 
uprooted  forests,  and  shattered  trees  produce  the 
strata  of  pit  coal,  as  tliey  undoubtedly  produced 
the  beds  of  lignites  found  in  so  many  places  ?  This 
is  not  maintained.  The  vegetable  matter  that  pro- 
duced the  coal  was  probably  reduced  to  a  pasty 
state,  and  elaborated  by  suitable  agents  amid  the 
tepid  waters  of  the  primeval  globe  ;  in  wliich  semi- 
fluid form  it  was  deposited  in  the  earthy  strata, 
where  it  is  now  found.  The  tliin  layers  of  coal, 
which  though  but  one  or  two  finger-breadths  thick, 
are  plane  seams  which  reach   to  a   considerable 


extent ;  the  form  of  a  great  many  of  the  ordinary 
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beds,  whose  opposite  faces  are  perfectly  parallel 
tlirough  a  great  sj)ace,  refute  the  notion  that  tliese 
beds  are  merely  heaps  of  trees  proraiscuoiisly 
crowded  togetlier.  It  would  seem  rather  that  the 
coal  has  been  scmi-hquid  at  the  moment  of  its  depo- 
sition, and  has  then  settled  down  as  a  precipitate  or 
deposit.  How  otherwise  can  we  account  for  those 
narrow  fissures  observed  in  Lusace,  less  than  an 
inch  thick,  wluch  are  filled  with  coaly-matter,  con- 
stituting true  coal-veins?  How  could  these  small 
veins  of  coal,  which  sometimes  traverse  the  sand- 
stone strata,  have  been  introduced,  unless  their  sub- 
stance had  been  originally  Huid  ?  How  otherwise 
could  the  niunerous  bituminous  schists  which  occur 
in  tlic  coal-measures  get  impregnated  with  so  great 
a  quantity  of  liquid  coaly  matter  ?  How  could  the 
earthy  beds  which  serve  as  roofs  or  walls  have  im- 
bibed that  same  substance  ?  Finally,  how  otherwise 
could  the  substance  of  the  coal-seams  have  acquired 
that  homogeneous  substance  and  texture,  as  well  as 
the  faculty  of  cubical  division  into  something  like 
crystiUline  forms  ? 

What  kind  of  vegetables  have  chiefly  concurred 
to  the  formation  of  coal  ?  Judging  from  the  remains 
found  in  the  coal  measures, — the  only  good  ground 
of  judgment,  we  must  conclude  that  they  were  reeds, 
lerns,  and  other  aquatic  plants,  similar  to  those  that 
haye  left  their  impressions  in  the  slate  clays.  It 
deserves  to  be  remarked  that  reeds  have  always  left 
a  coaly  impression  on  the  shales  and  sandstones  ; 
but  in  the  impressions  of  other  plants,  the  colour  is 
no  deeper  than  in  the  adjouiing  stone. 

On  contemplating  the  impressions  of  such  deli- 


168 


BOOK  IK-CMAF.  III.-MEDIAI.  STRATA* 


cate  leaves  and  ferns,  with  their  parts  in  perfect 
preser\'ationy  and  nowise  crumpled;  on  observing 
the  reeds  quite  straight  and  in  their  primitive  posi- 
tion,  we  conclude  that  all  these  plants  could  not 
have  been  much  drifted  and  tossed  by  the  waters, 
but  that  they  now  lie  near  their  native  bed.  In 
what  degree  the  action  of  sulphuric  acid,  or  sulphate 
of  iron,  producible  from  the  pyrites  so  generally 
distributed  in  coal  measures,  has  contributed  to 
the  conversion  of  wood  into  coal,  we  have  no 
satisfactory  data  to  determine.  Mr,  Hatchett 
has  furnished  some  ingenious  speculations  on  this 
subject. 

The  quantity  of  ammonia  which  coals  afford  in 
distillation,  has  led  some  chemists  to  suppose  that 
they  are  at  least  in  part,  a  product  of  tlie  decompo- 
sition of  animal  bodies.  It  is  possible  that  these 
may  have  contributed  slightly ;  but  when  we  see 
several  plants,  such  as  the  cruciform  family,  yield  am- 
monia, we  need  not  press  the  argument  for  its  animal 
origin.  The  bituminous  schist  of  Thuringia  wliich 
contains  so  great  a  quantity  of  fishes  crushed  and 
even  converted  into  a  species  of  coal,  and  which  is 
occasionally  used  for  fuel,  demonstrates  the  possi- 
bility of  that  carbonaceous  transmutation.  The 
coal  of  Pomicns  in  Dauphiny  yields  on  distillation 
a  large  quantity  of  ammonia.  It  contains  numerous 
sea  shells,  and  even  bones  of  marine  animals,  to 
which  probably  some  of  its  substance  is  due.  But 
as  this  does  not  occur  in  a  genuine  coal-formation, 
it  cannot  be  regarded  as  a  truepitcoal.  It  is  clear, 
however,  that  animal  matters  are  convertible  into 
sometliing  very  Uke  coal. 


I 
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That  cai'bonaceous  matter  is  also  an  original  con- 
stituent of  the  mineral  kingdom,  is  sufliciently  ob- 
vious from  the  existence  of  plumbago,  or  nearly  pure 
carbon,  in  the  middle  of  gneiss,  mica-slate,  and 
other  primitive  rocks.  Anthracite  or  stone  coal,  is 
found  disseminated  in  the  quartz  and  barytcs  of  the 
metallic  veins  of  Kongsberg;  localities  where  it 
cannot  be  ascribed  to  the  decomposition  of  vege- 
tables. Besides  what  a  vast  magazine  of  carbon, 
is  locked  up  in  lime^itonesj  under  the  form  of  car- 
bonic acid  ? 

To  the  vegetable  origin  of  the  coal-measures,  the 
great  quantity  of  carbon  contained  in  them  appears 
a  formidable  objection.  In  spaces  of  no  large 
extent,  30,  40,  or  even  CO  strata  or  seams  of  coal, 
occur  separated  by  layers  of  sandstone  and  schistose 
relay.  Could  this  succession  have  been  possible  had 
the  plants  remained  in  the  place  of  their  growth  ? 
Whence  could  proceed  at  regular  intervals  that 
-quantity  of  herbaceous  plants,  which  has  produced 
the  61  seams  of  the  coal  basin  of  Liege  ? 

We  must  bear  in  mind,  however,  the  vigour  of 
[Vegetation  tliat  prevailed  in  these  latitudes  on  the 
antediluvian  globe.  Of  this  fact,  the  fossil  vege- 
tables now  found  in  our  coal  measures  are  ample 
testimonials. — See  Book  IIL  Chap.  iii. 

The  phenomena  of  basaltic  veins  and  beds,  pene- 
trating all  the  strata,  even  the  chalk  or  cretaceous 
limestone,  prove  that  diuing  the  whole  interval  from 
tJie  creation  to  the  deluge,  the  antediluvian  ocean, 
■luuler  which  these  basalts  were  generally  protruded, 
lUst  have  experienced  violent  agitations,  which 
rould   throw  up  the  waters  over  its  shores,  and 
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sweep  down  with  the  reflux,  the  prolific  vegetation 
into  their  sandy  bed.  Here  the  high  temperature 
of  the  seas,  indicated  by  the  fossil  remains  of  croco^ 
diles  and  turtles  now  found  in  our  shell  strata,  would 
rapidly  decompose  the  submersed  plants,  into  a  bitu- 
minous paste,  where  it  would  be  soon  covered  with  a 
layer  of  sand.  In  this  way  we  may  imagine  how  coal- 
measureij  even  to  the  extent  of  Liege  or  Newcastle, 
may  have  found  successive  beds  of  vegetable  mate- 
rial, duringr  the  period  tliat  elapsed  between  the 
creation  and  the  deluge.  We  must  not  however 
limit  to  that  interval  the  conversion  of  the  buried 
vegetable  bodies  into  coal ;  for  unquestionably  that 
coal  might  go  on  progressively  ripening  during 
many  subsequent  ages  by  aqueous  percolatioiK 

One  of  the  richest  deposits  of  coal  that  is  known, 
forms  the  nearly  continuous  series  of  coal   basins  M 
placed  in  a  belt  about  150  miles  long  and  i>  miles  ™ 
broad,  which  crosses   the   north   of  France,    coik 
taJning  the   coal-mines  of   Valenciennes,   Conde, 
Mons,  Namur,  Li^ge,  &c.    They  produce  annually  M 
more  than  70  millions  of  quintals  of  coals,  worth  30 
millions  of  francs,  and  they  employ  35  thousand  _. 
colliers.     Their  beds  have  a  direction   similar  to  ■ 
that  of  the  band  ;  they  are  of  an  uniform  nature, 
accompanied  with  the  same  sandstones  and  schistose 
clays.     They  present  similar  foldings,  and  every 
thing  indicates  that  they  are  parts  of  one  whole, 
which  extends  bevond   the  Rhine  to  Osnabruck. 
The  coal-mines  in  the  neighbourhood  of  Newcastle, 
put  out  annually  more  coal  than  the  whole  of  i\te. 
abo\*e  French  district,  namely,  ^,355,000  London 
chaldrons  according  to  Mr.  Winch. 
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M.  Villefosse,  in  his  Traitt  de  la  Rkhesse  Min- 
eraiCj  estimates  at  little  more  than  douhle  the 
above  amount  the  product  of  all  the  coal  mines  of 
Englan«l ;  a  quantity  certainly  too  small. 

Gennany  contiiins  several  great  deposits  of  coid, 
particularly  in  Thuringia,  and  its  neighbourhood,  in 
Saxony,  Bohemiio,  and  Silesia.  Coal  is  very  rare 
in  the  north  of  Europe,  in  Sweden  and  Norway; 
countries  so  rich  in  mines  of  other  kinds.  Spain 
and  Italy  possess  almost  none. 

Coal  exists  in  China  in  considerable  quantity  j 
and  perhaps  there  is  no  country  in  the  world,  richer 
in  coal  than  the  provinces  of  Chensi,  Chansi,  and 
Petcheli,  says  M,  Panser,  in  his  Mineralogj-  of  the 
Chinese  Empire, 

Mr.  Maclure  informs  us  that  to  the  west  of  tlie 
Allcghanys,  there  is  a  formation  of  coal  most  exten- 
give  and  regular.  It^sbeds  are  from  one  to  six  feet 
thick  ;  and  are  placed  to  the  number  of  20  or  30 
over  each  other.  They  alternate  with  sandstones, 
schistose  clay,  and  clay  containing  iron  ore,* 


•  Tliat  the  nioimtam  Umestonc  beneath  the  coal  af  the  English  mines, 
has  been  a  marine  formiition,  is  perfectly  evident  from  the  nature  of  the 
imbedded  shelU.  But  the  vegetable  organic  roniains  of  the  conUmea- 
Burcs  themselves  indicate  that  their  strata  have  been  deposited  out  of 
the  sea,  most  probably  under  a  fresh-water  lake.  The  inferior  Ume- 
stone  stratum  umy  therefore  have  been  raised  by  subjacent  expansive 
force,  before  receiving  the  succession  of  vegc to-carbonaceous,  sandy, 
and  cla)-cy  deposits.  But  since  the  coal  measures  ore  covered  in  many 
places  with  marine  strata  to  a  considerable  depth,  the  sea  must  have 
ooce  more  inundated  that  marsh  land,  convening  it  into  nn  estuary. 
Saccessire  inundations  consentaneous  with  the  successive  submarine 
rroptions  of  trap,  which  arc  known  to  have  occurred  about  tlint  geolo- 
gical period,  aeeui  capable  of  explaining  the  phenomena  of  ollemifte 
its,  and  of  accounting  for  the  introduction  aiaoug  the  coal 


\im 


17^ 


BOOK  II.-CHAP.  IIl^MEDIAL  STRATA, 


As  the  origin  of  our  coal-fields  must  obviously  be 
sought  for  iu  antediluvian  vegetation,  the  reader 
will  find  tlie  subject  amply  discussed  in  Book  III. 
Chap.  ill.  of  this  work. 

Lignites  which  are  manifestly  bituminized  wood, 
hold  an  intermetUatc  place  in  the  gradation  between 
vegetable  matter  and  pit-coal.      They  have  the 
fibre  of  the  former,  with  the  jetty  lustre  and  frac 
ture  of  the  latter.     Some  lignites  closely  resemble 
peats  in  their  chemical  characters,  others  seem  to 
graduate  into,  perfect  coal.      It  is  therefore  the 
geological  jiosition  in  the  coal  measures,  that  de-  ■ 
fines  this  combustible.     Whatever  is  found  in  the  " 
strata   above   the   magnesian    limestone    has   been 
ctUled  a  lignite.    Coal  is  in  fact  to  vegetable  matter,  f 
what  adipocire  is  to  animal ;  the  completion  of  the 
chemical  change,  in  wiiich  the  fibrous   structure 
disappears.    Lignite  has  generally  a  woody  aspect  j 
coal  always  that  of  a  rock. 

Lignite  appears  in  three  distinct  locahties;  in 
alluvial  soils,  among  traps,  and  under  stratified  rocks. 
Marine  remains  occur  in  all  the  lignites ;  showinij 
their  beds  to  have  been  formed  by  drifted  wood 
under  the  sea  j  whereas  they  are  very  rare  in  true 
coal.  Hence  one  is  leil  to  infer  that  the  coal-basins 
Jiave  been  originally  lakes  liable  to  alternate  inun- 
dations ;  wiience  the  alternate  deposits  of  vegetable 

thcm&clves,  of  a  few  sea  fossils,  the  bottom  of  the  estuary  being  of  coutm 
nearly  level  with  the  ocean.  That  such  eruptive  violence  accompanied 
and  followed  the  coal  formations  in  placed  l>eyond  a  doubt,  by  the  mul- 
titude of  dislocations  and  dykes,  which  travcrtjc  the  coal-fields  in  every 
direction,  and  by  the  basaltic  caps  thrown  over  them,  as  at  tht 
Conitor|>hinc-hiiU  near  Ediobur^h.— il/occMVcwA— /oum.  Scicmt,  Nou 
44.  p.  312. 
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latter,  clay  and  sand,  atlerwards  converted  into 
:oal,  shale  and  sandstone,  under  great  siiperincum- 
►ent  pressure,  possibly  of  the  ocean. 
Lignites  occur  abundantly  in  oolite,  passing  into 

[coal  at  Carpona,  and  in  the  ishind  Veglia,  where* 

;hey  are  excavated  for  the  use  of  the  Trieste  steam 

»oat.     The  lignite  mines  of  Buda  in  Hungary  are 

?markablc  for  the  supply  of  fuel  which  they  aflbrd. 

t  seems  to  be  admitted  by  Brogniart  that  the  sup- 

(osed  coal  of  the  south  of  France  is  a  Hgnite  fonna- 

ion,  occupying  a  higher  part  of  the  scries  than  the 

Lst  examples,  and  lying  in  the  green  sand  deposit. 

There  are  extensive  mines  in  Provence,  about 

'arseilles  and  Toulon,  where  twenty-eight  beds  are 

pwrought     The  principal  deposit  at  Cologne  is  30 

feet  thick;  the  locality  also  of  tlie  pidverulent  Ug- 
lite  so  valuable  in  painting.  Lignites  abound  at 
ioissons,  Epernay,  Laon,  St.  Paulet,  and  some  other 
ilaces  in  France.  To  the  lignite  above  the  chalk, 
e  supposed  to  belong  those  immense  deposits 
found  in  the  middle  of  die  Alps,  and  those  of  Styria 
lined  for  fuel. 

The  lowest  deposit  of  lignite  found  in  the  oolite 
more  akin  to  pit  coal,  than  those  found  above  the 
!halk  and  among  traps.  Oysters  and  ammonites 
lave  been  found  among  them  ;  and  in  the  trap  coal- 
ield  of  Brora  iu  Sutherland,  there  are,  besides  these 
ihells,  madreporites,  the  spines  of  echini,  belem- 
ites,  tcrebratula?,  and  other  fragments  belonging 

[to  mytili  or  cardium.  Lignite,  in  some  of  its  lowest 
leposits,  forms  regular  beds  of  coal,  sometimes  of 
considerable  thickness ;  and  where  these  alternate 

[with  the  shales,  sandstones,  and  limestones  of  the 
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series,  the  superficial  asj>ect  is  so  mucli  like  that  oi 
the  regular  coal,  that  wc  cannot  be  surprised  at  its 
having  been  mistaken  for  that  deposiL* 

5  IL  OLD  llED  SANDSTONE. 

This  sandstone  forms  the  bottom  lining  of  the 
great  primitive  basins  in  whicli  the  coal  measures  lie. 
It  occurs  sometimes  as  a  breccia  in  large  fragments, 
'sometimes  a  puddingstone,  sometimes  a  finer  sand- 
•Btone  finally  passing  to  an  earthy  mass,  of  porphy- 
ritic  quality-  The  visible  fragments  all  belong  to 
primitive  rocks,  granites,  mica-slates,  clay  slates, 
porphyries,  quartz,  &c.  which  resemble  in  nature 
tlie  rocks  of  the  neighbouring  mountains.  Its  pre- 
valent and  characteristic  dark  red  colour  forms  its 

*  An  interestiag  discovery  has  lately  been  mode  near  Scarborough 
in  Yorkshire,  at  Ori&thorpe  Bay,  of  a  large  deposit  of  fowil  plants,  pre- 
senting many  varieties  hitherto  undescribed.     They  occur  in  the  strata 
'called  cwtlif  grit  by  Mr.  William  Smith,  »  pscudo-ooal  field  below  the 
rnmhrash^  being  far  al)ovc  the  geological  place  of  the  true  eoal  nieasurea. 
The   plants  lie   in  horizontal   strata,  those  of  the  same  species  beiof 
together,  as  if  the  localities  of  each  had  been  extremely  liraited,  and  as 
if  they  had  been  enddenly  swept  down  by  a  great  torrent  of  water. 
Some  are  very  small  and  young ;  some  large,  and  others  in  fhirtiBcatioa. 
Several  of  the  species  arc  of  considerable  mogiutude  and  beauty,  nay 
ran  in   adminible  preserration.      The   plants   ore   principally   fem^ 
difii^reiit  from  those  of  our  coal  measures,  but  congenerous  with  many  now 
existing  in  tropical  regions.    Already  bk\  species  have  been  distinguished; 
la  prodigious  variety  of  filiccii  compared  N\ith  those  now  vegetating  in  our 
dimotc.     At  Cloughton,  in   a  sonicwlmt  slmilnr  formation,  tea  milea 
distant,  there  are  several  other  kinds,  totally  distinct,  ofTering  a  mnnlwr 
exceeding  the  whole  now  litiiig  in  the  island  of  Great  Brita'ui.    So  that 
these  northern  regions,  must  in  those  ancient  tuaes,  have  presented  tf 
lumeroua  and  diversified  a  display  of  ferns,  many  of  most  luxuriant 
I  the  wildK  of  Sou^cm  Africa,  now  do  of  heaths.     Someflf 
le  qwcincns  are  perfectly  pliant  and  conibusiible.     There  are  a)i9 
'many  varieties  uf  the  tree  ferns,  which  constitute  such  numerous  tod 
jAplendid  omanients  of  tropical  Eoreets. — Dr.  Pctirr  Murmy — Jei 
pourumi,  Srptember,  10S8. 
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best  distinction.  No  important  minerals  appear  to 
Jiave  been  procured  from  tliis  stratum  ;  nor  are 
organic  remains  usually  found  in  it.  The  old  red 
sandstone  frequently  forms  mountains  between  2 
and  3  tliousand  feet  above  the  level  of  the  sea;  ia^ 
lieight  yielding  thei'efore  only  to  the  primitive  and 
transition  chains  of  this  island,  on  the  sides  of  which 
rocks  indeed  it  reclines.  On  the  borders  of  the 
ibrest  of  Dean,  this  formation  exceeds  2000  feet  in 
thickness,  and  is  interposed  between  the  transition 
and  carboniferous  limestone. 


$  in.  CARBONIFEROUS  OR  MOUNTAIN  LIMESTONE. 

This  limestone  is  so  named  from  the  elevations 
which  it  attains  ;  it  is  called  metalliferous  also;  and 
encrinal  or  entrochal  from  its  organic  remains.  The 
title  of  firet  floctz  limestone,  given  it  by  the  Werncr- 
ians,  which  signifies  horizontal,  is  very  inapplicable, 
l^iiice  its  strata  are  highly  inclined,  following  the 
concave  contour  of  the  old  red  sandstone,  though 
not  quite  so  steep. 

The  texture  of  carboniferous  limestone  is  usually 
imperfectly  crystalline,  and  sufficiently  close  grained, 
and  hard  to  afford  marbles  susceptible  of  a  durable 
polish.  Its  prevailing  colour  is  gray;  but  it  has 
other  shades, — ^}'cllow,  blue,  and  sometimes  black. 
[rSome  of  its  beds  arc  so  pure  as  to  contain  90  per 
-crent.  of  carbonate  of  lime;  but  by  foreign  admix- 
ture, it  passes  into  magncsian  limestone,  ferruginous 
limestone,  bituminous  limestone,  and  fetid  lime- 
stone. Its  beds  are  commonly  very  thick,  extending 
in  a  continuous  series  many  hundred  feet  in  depth, 
witli  tJieir  interstitial  seams  of  clay.     Occasionally 
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it  exhibits  alternations  of  various  heterogeneous 
rocks,  particularly  toadstone,  grit  and  shale.  It  is 
a  leading  feature  of  this  limestone  to  be  full  of 
caverns  and  fissures.  All  the  considerable  caverns 
in  this  island  occur  in  this  rock.  Rivers  flowing 
across  its  range  are  often  suddenly  engulphed,  and 
pursue  to  a  considerable  distance  a  subterranean 
course  ;  and  the  hills  composed  of  it,  exhibit  often 
rocky  dales  and  mural  precipices.  Much  of  the 
most  picturesque  and  romantic  scenery  of  England 
is  formed  by  carboniferous  limestone. 

It  is  the  great  repository  of  the  English  lead  ores ; 
as  those  of  Northumberland,  Durham,  York,  Der- 
byshire, and  Somersetshire.  T!ie  following  metallic 
minerals  have  been  found  in  it ;  ores  of  antimoni- 
ated  lead,  copper,  zinc,  andiron. 


I 


ORGANIC  REMAIN& 

The  animal  remains  preserved  in  the  carboniferous 
limestone  are  strongly  distinguished  from  those  in 
the  superior  limestones,  the  oolitic  and  the  lias, 
and  belong  in  a  majority  of  instances  to  entirely 
distinct  families.  These  are  generally  common  to 
this  and  the  transition  limestone, 
marking  thereby  a  decided  dis- 
tinction between  it,  and  the  lime- 
stones of  the  supcrmedial  class  of 
rocks.  Vertebral  animals  are  still 
very  rare  ;  many  species  of  tes- 
tacea  or  shell  fish,  now  begin  to 
appear,  but  they  all  belong  to  i 
a  very  few  genera ;  while  the  ■ 
zoophytal  families  fpo/j/ paries, J 

Kncrinilc*^ 
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particularly  encrinites  and  corallites  exist  in  the 
greatest  pro/'usion.  Some  vertebra;  of  fish,  sharks' 
teeth,  many  sinf^ular  palatal  tritores,  and  the  radius 
of  a  balisteSy  exhilnt  this  i'orniation  as  the  lowest 
sepulchi*e  oi*  vertebral  animals. 

Ot'  the  crustaceans  iriOe,  trilobites  occur  in  this 
formation,  as  in  the  transition  limestone ;  but  the 
species  seem  to  bo  distinct.  Among  the  univalves 
we  may  enumerate  the  toUowing  genera  : — 

Ammonites,  noutilitcs,  orthocemtites,  ctiomphalu^  cirrys,  ncrica, 
helix,  turbo;  aaiong  bivalves,  modiola,  ra^o,  cardiiim,  lefebratula, 
spirifer,  producti,  a  few  echini,  See  Plate  I;  and  aiuang  encrinites,  posierio- 
crinttes,  platycrinites,  cpthocrinitcs,  nctrnocrinites,  rhedocrinites.  All 
the  species  of  eucrinitca  here  arc  dbitioguished  Croni  those  occurring  in 
the  liiu  and  more  recent  beds,  by  the  thinness  of  the  osticula  forming  the 
t-up  which  contains  the  visca^     ^rr  MUler  on  Encnnitct. 


Encrina)  Umestone  or  Marble. 

From  the  profusion  of  these  species  this  lime- 
stone has  been  often  called  encrinal,  Thecoralloid 
remains  are  caryo])hyllea,  turbinolia,  astrea,  favo- 
fiites,  tubiponis,  retcpora. 

This  limestone  formation  rises  in  England  to 
upwards  of  1000  feet  above  the  sea  level ;  whence 
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its  title  of  Mountain  limestone.  It  is  generally 
surmounted,  however,  by  the  margins  ofthesui>er- 
jacent  mill-stone  grit.  Its  thickness  frequently 
amounts  to  more  tlian  900  feet.  The  strata,  like 
those  of  the  superjacent  grit  and  coal  measures,  are 
often  liighly  inclined ;  tliis  happens  especially  in 
the  south-western  counties,  where  they  sometimes 
become  quite  perpendicular. 

This  formation  is  subject  to  extensive  disloca* 
tions  or  faidts.  For  instance,  at  the  foot  of  Ingle- 
borough  is  a  subsided  mass  of  coal-measures,  at 
the  base  of  the  whole  limestone  scries  ;  a  disloca- 
tion, therefore,  seems  to  have  taken  place  equal  to 
the  thickness  of  the  collective  mass.  Mr.  Farev 
describes  the  western  edge  of  the  Derbyshire  lime- 
stone tract,  as  abutting  against  a  similar  fauU^ 
which  must  exceed  900  feet. 

§  IV.  MlLL-STONE  GRIT  AND  SHALE. 

The  coal-seams  usually  rest  on  a  scries  of  be 
which  are  called  mill-stone  grit  and  shale.  The 
Ibrmer  is  merely  a  coarse  grained  sandstone,  con- 
sisting of  particles  or  fragments  of  quartz  agglu- 
tinated by  an  argillaceous  cement.  The  distinctive 
mark  of  tliis  species  of  coal  sandstone  is  its  great 
induration.  It  is  evidently  a  rock  mechanically 
formed  from  the  detritus  of  pre-existent  masses. 
Rounded  pai'ticles  oi  felspar  are  occasionally  seen 
in  it.  This  grit  alternates  with  shale,  especially 
in  its  under  part.  Occasional  beds  oi  both  lime- 
stone and  coal  are  also  found  here.  The  coal-seams 
ore  few,  thin,  and  of  bad  quality.  The  limestone 
resembles  the  mountain  tbnuation. 
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The  locality  of*  satin  spar  aeeins  to  belong  to  the 
shales  of  this  series.  Bitumen  has  also  been  tbuud 
in  the  same  ;  iis  well  as  petroleum,  mineral  caout- 
chouc, and  asplialtum.  Vegetable  imj)ressions 
analogous  to  those  oi'  the  coal  strata  arc  observed 
in  this  series;  and  in  it^  limestone  beds,  a  few  marine 
shells  similar  to  those  in  the  subjacent  limestone. 
The  mountains  formed  by  the  upper  edges  of  this 
stratum,  rise  Xa>  2or  3  thousand  feet  above  the  level 
of  the  sea  ;  and  the  tliickness  of  the  beds  some- 
times exceeds  V20  fathoms.  Their  inclination  con-' 
forms  to  that  of  the  coal-measures,  and  the  faults 
are  common  to  both. 


J  V.  COAL  MEASURES. 

Tliese  consist  of  beds  of  coal,  slate-clay  or  shale, 
and  sandstone  alternating  with  one  another  in  dif- 
ierent  ways,  and  repetitions-  Those  of  coal  although 
cliaracteristic  of  the  Ibrmation  suite,  are  however 
the  least  numerous  ;  and  sometimes  they  are  waut-j. 
ing  entirely  over  a  considerable  space.  The  sand- 
stones form  most  commonly  the  principal  mass  of 
the  series  ;  but  occasionally  the  slate-clays,  or  rocks 
participating  of  both  tlie  clay  and  sandstone  tex- 
•  ture,  predominate. 

The  order  of  superposition  among  these  several 
beds,  is  not  very  uniform.  It  is,  however,  observed 
in  many  mines,  that  the  seams  of  coal,  are  usually 
included  between  layers  of  shale  ;  that  further  from 
the  coal  the  grain  of  tlie  shale  becomes  coiirse,  and 
passes  into  sandstone.  It  is  ibund  that  sandstone 
forms  more  frequently  the  floor,  if  horizontal,  of  the 
coal  strata,  and  that  shale  constitutes  their  roof. 
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Immediately  above  the  coal  this  shale  roof  is  blacl;, 
mixed    with  carbon,  and  replete    with  vegetable 
impressions ;  but  on  receding  from  the  coal,  the 
carbonaceous  matter  and  the  impressions  dimiiiish, 
the   grain  enlarges,  and    sandstone    results.      In 
coal  mines  generally  the  layers  of  coal  and  those 
of  rock  are  repeated  several  times  in  the  same  order, 
and  in  nearly  similar  thickness,  presenting  a  vnry 
remarkable  alternation^     The  number  of  strata  of 
coal  which  occur  above  each  other,  in  the  aame 
series,  is  often  very  considerable.     At  Anzin  near 
Valenciennes,  a  pit  less  than  100  yards  deep  passes 
tlu-ough  50  layers  small  and  great ;   ut  Liege,  (il 
have  been  ascertained ;    tlie  single   mountain 
Duttweiler  near  Saarbruck  includes  32 ;  at  New 
ca-^tle,  the  Killingworth  pit  within  ^280  yards,  tra 
verses  '25.     The  strata  of  sandstone  and  shale  ar 
considerably  more  numerous  than  the  coal-seams^ 
The  slate-clay  is  known  in  difterent  collieries  bj^ 
different  names  ;  black  or  blue  metid,  slate,  chinch^ 
cleft,  bind,  &c.     The  sandstones  of  the  cotd  mea- 
sures are  usually  gritty,  micaceous,  and  tender  5 
affording  freestones  for  buildings,  whetstones,  grind-- 
stones,  and  flag-stones  for  pavements,  even  roofing 
slates  ;  and  they  have  various  local  names,  as  plate^ 
l>08t,  pennant. 

Clay  iron-stone,  in  beds  or  courses  of  nodules^ 
is  common  in  the  coal  fields,  yielding  on  an  average 
about  30  per  cent,  of  metal.  Indispensable  as  this  i« 
to  all  the  arts  which  bring  comfort  to  man,  with  Mhat 
pro\^dential  kindness  is  its  ore  here  associated  with 
its  flux  and  fuel, — the  Umestone  and  the  coal,  whos-^ 
combined  action  alone  can  make  it  useful !     Mo«t=^ 
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justly,  therefore,  does  Mr.  Conybeare  say,  **  that 
it  can  hardly  be  considered  as  recurring  unneces- 
sarily to  final  causes,  if  we  conceive  that  this  tlis- 
tribution  of  tlie  rude  materials  of  the  earth,  was 
dctcmiined  with  a  view  to  tlie  convenience  of  its 
inhabitants." 

SECTION  OK  A  COAL  BASIN. 
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1,  1,  Old  red  sandstone.  2,  Mountain  liincstone.  .3,  Millstone  grit. 
4,  4>,  Coal  seams.  .0,  Pennant  or  coarse  sandstone.  6,  New  red  »and- 
stone,  or  red  marl.  7;  7,  Lias.  8,  8,  Inferior  oolite.  9,  Great  oolite, 
10,  Combra^h  and  forest  marble. — Coai-fietd  sotUh  of  Mainubury, 

AVe  shall  conclude  our  account  of  the  coal-mea- 
sures with  an  example  of  the  superposition  of  tlieir 
strata.     See  foot  note.* 


*  The  following  is  a  table  of  the  diiferent  beds  bored  through  at 
Bradley  colliery  near  Bitston  in  South  Stuftbrdshirc,  beginning  with  the 
lowest,  and  terminating  with  the  surlace  bed. 


L  Coal.       . 
8.  Slate^lay, 
3.  Shale,     . 

Lou]  Naaie 
Heathing  cool, 
Clunch, 

Table  baU, 

1 

tiickncM  hi  FocL 

Unknown. 
4 
2 

4.  Coal, 

Coal.        . 

Oi         . 

5.  Shale,      . 

Hard  batt. 

1 

6.  Chiv-ironstone 

bon  fitone. 

3 

7.  Slate-clay, 

Wliite  clay 

■    8 

8.  SlatLM:lay« 

9.  Clay,        . 
10.  Coal. 

Blue  clay. 
Short  earth. 
Main  coal, 

H 

1 1.  Shale,      . 

Black  batt, 

n 
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'   The  inclination  of  the  strata  which  the  basin  shapi 
>estows  on  the  coal  measures,  is  an  arrangement  mo< 
leneficial  to  man.     Thus  the  successive  seams  ri; 
on  its  edges  to  the  surface  or  near  it;  and  thereby 
isclose  the  mineral  treasures  concealed  beneath, 
hich  would  otherwise  have  rested  innsible  and 
'unknown.     By  the  sloping  position,  many  of  the-. 
beds  are  not  only  brought  within  tlie  reach  of  thtf^ 
miner,  but  the  whole  become  more  easily  worked  and 
drained-    There  is  one  device,  however,  in  the  coal 
measures,  which,  to  a  superficial  thinker  will  appeal 
a  defect  in  the  fabric,  though  it  be  essential  to  their' 
usefulness  5  I  allude  to  the  dislocations  of  the  strata^, 
usually  called  faults,  (see  page  159,)  because  the; 
seem  defects,  or,  at  least,  put  the  miner  to  fault  in  his' 
search  atlerthe  coal.     These  intersections,  whether' 
by  slips  or  whindykes,  act  as  valves  to  the  poroui 


OmloinFal  Vamr. 

Loral  S«n* 

ThkilnMHla 

IS.  Claj-iron-stone, 

Iron  stone,       >         .        .        0{ 

13.  State-clay. 

Blue  binds. 

. 

i 

14.  Sbale,     .        . 

But, 

. 

4 

}&,  Co«U 

Flying  rccd. 

. 

5 

16.  ^^hftle,     . 

Batt. 

, 

4 

17.   Slate^Uy, 

Blue  clunch. 

9 

16.  Slate  clay. 

;  Ditto,  containing  4  tfcin  }    .g 
iron^one  beds.             5 

19.  Sandstone. 

Orey  rock,       .        .        .        1 

20.  Slute-clay,       - 

Clundi, 

Ji 

il.  Sandstone, 

Pel  Jon. 

8 

SS.  Snnitslonc, 

Orcy  rock. 

3 

23.  8Iate-clny, 

Blue  clunch.    . 

18 

84,  Sand»lonc, 

Grey  rock. 

3 

S5.  Siate-cUy, 

Blue  cluncli.    . 

24 

len.  Rrd  «and, 

Sand. 

30 

S7.  Soil,        . 

Soil. 

f 
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seams,  or  as  floodgates  to  arrest  the  diftiision  of  the 
subterranean  springs.  By  these  natural  dams,  the 
water  which  might  inundate  the  whole,  or,  at  least, 
entirely  submerge  the  riclicst  deposits  of  the  centre, 
is  confined  to  a  single  compartment,  from  which  it 
is  in  most  cases  practicable  to  drain  it. 

The  eruptive  forces,  moreover,  in  creating  these 
mounds  to  the  waters,  have,  at  the  same  time,  up- 
heaved many  strata,  wjiich,  had  they  been  left  to 
follow  their  natural  slope,  would  have  been  sunk  to 
inaccessible  depths.  A  coal  formation  is  thus 
parcelled  out  into  cubical  fields,  each  of  which  is 
complete  in  itself,  and  to  a  certain  degree  inde- 
pendent But  for  these  slips,  the  rains  which  fall 
profusely  on  the  lofty  basset-edges  or  out-crops  of 
the  strata,  would  percolate  down  through  them, 
and  convert  the  basin  into  a  subterranean  lake, 
which  no  human  power  could  possibly  drain.  Si- 
milar eruptive  intersections  exist  in  many  other 
strata,  and  they  every  where  act  as  cisterns,  or 
€ven  sometimes  as  pumps,  raising  in  syphon  chan- 
nels a  copious  supply  of  spring  water  to  the  surface. 
These  safeguards  of  mines  are,  therefore,  not  con- 
fined to  coal  basins,  but  are  providentially  distri- 
buted through  every  important  mineral  bed. 

In  contemplating  the  eflfects  of  any  mighty  con- 
vulsion on  his  terrestrial  abode,  man  is  apt  to  feel 
appalled,  and  to  regard  the  operation  as  altogether 
irregular,  fortuitous,  and  uncontrolled,  because  its 
magnitude  and  complexity  mock  his  pigmy  concep- 
tions of  power.  Yet  no  one  will  doubt  that  the 
primordial  erection  of  the  great  mountain  strata  and 
table  lands  was  the  result  of  wise  design,  if  he  study 
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their  conformation,  and  reflect  that  this  earth  could 
not  otherwise  have  bccpme  the  abode  of  animation. 
Nor  can  we  meditate  upon  the  manifold  advantages 
derived  from  the  uphcavings  of  the  secondary  strata 
without  seeing  in  them  also,  traces  of  Him  "  who 
is  wonderful  in  counsel,  akid  excellent  in  working." 
The  naturalist  always  contemplates  the  members 
of  an  animal,  in  referaice  to  ks  way  of  life  ;  aud 
can  deduce  from  even  a  few  bones,  many  of  the 
functions  which  it  performs  in  this  scene  of  being. 
For  every  part  he  finds  a  special  purpose,  nor  tloes 
he  ever  dream  that  the  slightest  bu.iip  or  curvature 
of  a  bone  is  made  in  vain.  He  seeks  the  conditions 
of  its  existence  in  the  catenation  of  its  frame.  Why  . 
then  is  the  pliilosopher  to  suppose  that  the  frame-  ^M 
work  of  the  earth  itself,  should  not  also  ha%-e  its  ^ 
conditions  of  existence  as  definite  as  those  of  an 
inconsiderable  bird  or  insect,  nay,  incomparably 
more  refined  and  complex,  since  it  must  be  in  har- 
monious relation  not  only  with  every  order  of  or- 
ganic existence,  but  with  the  ocean;  the  atmosphere; 
heat ;  light ;  and  the  solar  system  itself?  It  well 
becomes  us,  then,  in  suneying  the  A^arious  cham- 
bers of  the  terrestrial  edifice,  if  some  few  apart- 
ments should  appear  in  our  eyes  rudely  fasliioned, 
or  in  disorder,  to  abstain  from  all  presumptuous  judg- 
ments, humbly  to  confess  our  ignorance,  to  investi- 
gate with  dUigence  and  docility,  trusting  eventually 
to  recognise  beauty  and  wisdom,  in  what  seemed  at 
first  sight,  deformity  and  confusion.  Final  causes 
which  the  zoologist  must  consult  at  every  step, 
ought  not  then  to  be  neglected  by  the  geologist. 
Unfortunately  they  have  been  so  often  abused  and 
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misinterpreted  by  ignorant,  though  perhaps  well- 
lueaning  speculators,  that  the  man  of  science  has  be- 
come chary  of  their  employment,  and  pusillanimous 
in  their  vindication.  But  tinal  causes,  under  induc- 
tive restraint,  will  ever  form  the  noblest  and  roost 
delightful  species  of  knowledge,  comprehending  in 
its  sphere,  the  correlation  of  the  most  general  phy- 
sical and  moral  trutlis. 

CHAP.  IV— SUPERMEDIAL  STRATA. 


The  appearances  of  the  great  coal  strata,  icad  us 
to  believe  them  formed  by  alternate  eartliy  and 
vegetable  deposits,  in  some  LmmeiLse  lakes  or  cstu- 
;iri€8  of  the  antediluvian  earth.  The  progress  of 
our  inquiries,  proves  the  globe  in  tliose  times  to  have 
been  the  frequent  subject  of  mighty  convulsions, 
which  have  disturbed  the  strata  over  an  extent  pro- 
digiously greater  than  the  explosions  of  modern 
eartliquakes  and  volcanoes  could  give  us  reason  to 
conceive.  It  is  certain  that  the  sea  must  have  par- 
ticipated in  the  violence  luider  which  the  solid  earth 
has  evidently  suffered.  Imiptiojis  of  the  waters 
over  the  land,  would  unquestionably  occur  at  every 
new  crisis  of  the  eruptive  power  so  conspicuous 
in  the  coal-measures  and  basaltic  formations. 

Thus  we  can  understand  how  tlie  surface  of  the 
coal  basins  came  to  be  covered  in  several  places  with 
a  series  of  sandstones,  or  of  limestone-strata,  replete 
Avith  marine  shells. 

During  all  this  period  also,  a  series  of  deposits 
was  forming  under  the  sea,  in  a  determinate  order  of 
superposition  on  its  channel.  These  deposits  are 
characterised  by  peculiai'  orders  of  organic  remains. 
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It  iR  known  to  the  naturalist,  that  shellfish  live  in 
colonies  ;  each  colony  preferring  a  peculiar  ground 
or  locality  ;  and  that  in  general,  quartzose  sands  arc 
shunned  by  them,  as  unfavourable  to  tlieir  produc- 
tion. Hence  manv  districts  of  our  ocean-floor  are 
destitute  of  shells,  whilst  otliers  are  covered  with  a 
vast  congeries  of  them.  It  is  ascertained,  that  il' 
fowls  be  deprived  of  access  to  calcareous  matter, 
tliey  lay  eggs  unprovided  vnth  shells,  and  eventuallv 
lose  the  faculty  of  laying  them  altogether.  In  like 
manner,  it  would  seem  that  there  are  districts  of  the 
sea  so  deficient  in  calcareous  matter,  that  molusca 
cannot  there  elaborate  their  calcareous  mansions, 
and  consequently  sliellfish  cannot  exist-  These 
snggefttions  will  ser\'e  to  explain  many  peculiarities 
observable  among  the  secondar}'  formations. 

Over  the  extensive  resrions 
where  the  coal-measures  them- 
selves are  absent,  the  old  red- 
sandstone,  or  the  mountain 
limestone,  constitutes,  general- 
ly speaking,  the  stratum  tliat 
represents  the  place  of  coal  in 
the  geological  series,  or  plane 
of  suj)crposition.  On  this  prin- 
ciple, it  is  said  that  tlie  second- 
ary rocks  are  superior  to  the 
coal  formation,  though  no  c 
should  really  lie  immediatel 
below  them. 

Order  of  SvperpotUion    of  JStryHtk 
Strata,  (iccordint/  ta  Metsrs*   Conybeatt 
atul  Vhillipx.     See  Fig.  on  margin-        ^_ 
i.     Mngne^iui    UiiKstone    and    v*^^! 
nmrl. — 2.   Liua. — 3.  Inffrior  ooHtc. — 4. 


the 
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Great  oolite. — 5.  Corobmsli  and  Forest  marble. — 6.  Oxford  or 

Clonch  clay. — 7.    Coral  rag 8,  Kiinnipridgt?  clay  ;  Oak-tree  of 

Smith, — 9,  Portland  limi>fttonc, — lU,  Iron  or  Hitttiiig'it  aaiid. — 
11.  Blnt^  marl. — 12.  ChalU  marl  with  griHTi  Hand. — 13.  Lower  and 
upper  chalks. — 14>.  Plastic  clay  and  saiid. — \b.  London  clay. 

The  siipcrmedial  class  of  rocks  as  exhibited  in 
England  lias  been  divided  into  four  groups  of 
strata. 

L  FunnationB  between  the  coal  strata,  and  lias,  including} 

1.  Ma^(»8ian  limestone,  corrrspondinj^  in  positi/in  to  the 
zechatctn.  the  copjier-pyrilous  slate,  and  rauchwacke  of 
Germany ;  and  to  much  of  the  Alpine  limestone.  It  la 
the  first  fitptz  limestone  of  Werner.  Between  this  eeriea 
and  the  coal,  tliere  is  obscTved  in  Germany,  a  ^n-at 
deposit  of  rcd-sandstonfi  and  rongtomemtos,  railed  the 
red  dead-layer  (rothe  totJtc  Urgmde}.,  becaus**  destitute 
of  the  metals  found  in  the  beds  above  it.  This  is  the 
older  or  first  6a'iz  sandsione  of  Werner,  Mucit  of  the 
sandstone  of  Southern  Africa  t>elougs  to  this  formation. 

2.  New  red -sands  tone,  or  red  marl»  correspcmding  to  the 
variegated  sandstone  of  Gprmany.  Rock  salt  and  gyp- 
Bum  occupy  this  locality. 


I.  MACNESIAN  LIMESTONE. 

1.  This  magnesi;m  limestone  is  called  the  newer, 

distinguish  it  from  the  same  mineral  associated 

ith  the  carboniferous  limestone,     llie  two  difler 

their  organic  remains,  and  in  this  upper  onecon- 

ining  extensive  beds  of  calcareous  conglomerate. 

he   magnesian    limestone  has  a   gramdar    sandy 

ructure,  a  glimmering  lustre,  and  a  cream-yellow 

lour.      It  often   forms   large  concretional   and 

otrj'oidal  masses  ;  as  large  as  a  cannon  ball,  which 

e  grouped  together  like  cliain-shot.     It  is  used 

tor  building,  and  has  a  ]>leasing  tint-     When  cal- 

ined,  it  forms  a  mortar  lime.     In  agriculture  it  i» 
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injurious,  unless  sparingly  used.  It  is  poor 
organic  renijiins.  The  principal  range  of  liills 
this  rock  in  England,  extends  from  Sunderland  to] 
Nottingham.  They  never  rise  more  than  (itX)  feel 
above  the  sea ;  are  round-topped,  and  overlie  th( 
coal  at  CuUercoats  in  Northumberland.  A  whii 
dyke  which  here  traverses  the  coal,  does  not  ent< 
into  the  magnesian  limestone  ;  wherefore  the  lattei 
ileposit  is  judged  to  be  of  more  recent  formation- 
At  Hart,  near  Hartlepool,  it  was  Iwred  to  tlie  depth 
of  52  fathoms,  without  getting  through  it.  On 
tlie  east  of  the  coal-field  in  Derbyshire,  it  is  about 
50  fathoms  thick.  '^Tlie  inclination  of  its  beds  is 
generally  trifling,  being  conformable  to  tliat  of  the 
up}K*r  strata,  except  where  it  is  placed  over  coal, 
whose  slope  it  follows.  The  stratification  of  thiq^l 
rock  is  exceedingly  distinct,  and  the  separate  layers^^ 
of  stone  seldom  exceed  the  thickness  of  a  common 
brick.  Its  character  as  a  soil  ia  very  indift'erent; 
and  its  springs  are  not  abundant. 

To  the  geological  era  or  locality  of  su] 
tion  of  the  magnesian  or  old  alpine  limestone, 
belong  the  pyritous  scliists  ol'  many  districts  of 
Germany,  which  contain  fossil  remains  of  the 
saurian  or  lizard  family,  called  monitors.  Through- 
out the  countries  of  Thuringia  and  Voigtland 
adjoining  to  Hessia,  as  far  as  Franconia  and 
Bavaria,  beds  of  marly  and  bituminous  sdust 
extend,  wliich  Werner  regards  as  the  lowest  of 
tlie  first  flcetz  sandstone.  Being  besprinkled  with^^ 
grains  of  argentiferous  cop]>er  ])yrites,  the  ore  is^^ 
mined  in  several  places  for  the  two  metals,  although 
it  is  very  poor,  yielding  scarcely  two  per  cent,  of 
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copper.  Humboldt  says  that  a  similar  stratum  is 
[ifound  in  several  parts  of  America.  The  German 
miners  call  it,  naturally  enough,  the  dead  bed, 
^because  it  affords  no  proper  veins  of  copper.  Above 
tliis  cupriferous  schist,  lie  the  calcareous  sU'ata, 
^known  in  that  country  by  the  name  of  zechstein, 
and  comprehended  by  the  French  under  the  class 
of  older  alpine  limestone  ;  they  contain  shells  and 
zoophytes,  of  the  earher  kinds,  such  as  entrochi, 
anomicD,  &c,  Tlic  gypsum,  with  its  siiborthnate 
sal  gem^  rests  over  tliese  limestone  beds,  and  is  sur- 
lounted  in  its  turn,  by  sandstone  covered  with  a 
second  gypseous  formation  unaccompanied  with 
salt.  Over  this  gypsum,  another  limestone,  of 
more  modern  date  reposes,  analogous  to  tlie  Jura. 

I  In  its  calcai'eous  beds,  are  those  great  caverns, 
whicJi  were  found  filled  at  their  first  discovery, 
•vith  bones  of  bears  and  other  caruivora,  to  be 
fcfterwartls  described. 
Thus  we  perceive  that  these  strata  of  bituminous 
schist  are  among  the  most  ancient  of  any  which 
contain  the  exuvia*  of  organized  bodies  not  testa- 
ceous. From  among  their  tabular  slabs,  the  vast 
lultitudes  of,  fossil  fish  were  extracted,  which 
[liave  rendered  the  cantons  of  Mansfeldt,  Eislebeu, 
Jmenau,  and  other  places  in  Thuringia  and  Voigt- 
land,  so  celebrated  among  those  who  collect  and 
(escribe  petrifactions. 
Many  of  the  fish  are  pyritified,  in  consequence  of 
Vhich,  they  are  subject  to  rapid  decomposition  on 
tfexposure  to  the  air ;  and  have  thus  been  destroyed. 
[They  belong  to  species  unknown  in  the  living  state 
imong  ichthyologists. 


ly>.>    BOOK  »I.-CKa:-.  :'■■->„  PF.feVEDl-iL  STRATA. 

Theri^^:  ao^vun:  c:":!";^  5:one-casts  of  the  reptiles 
ibiuui  ::i  :;:v:<c  >:--.i:a  wi>  rubiished  by  Spenerin 
iho  3/;.<v.V.:.';i*.:  iv/v -'.•:.  ■:<;-•,  $o  far  back  as  I7IO. 
H:*  5:K\"i:'.:c::  \^a*  :V:ir.i  in  the  mines  of  Kupfer- 
juiil,  -5  UUjiucii  ti\v,v.  K.>c::a.:h,  UK"  feet  beneath  the 
sur:.icv.  The  lv:u<  wc-r^  :n  soaie  degree  metallised, 
like  ihe  lUv.^:  par:  o:"  :>.i  r.sh  ot  the  same  strata. 
Tho  is.vv>:id  pi:>"..>r.v\i  ::rvress:on,  likewise  an- 
iwuncvvl  to  be  .;  ^T^vAii'e,  was  the  subject  of  a 
U'trer  :"ro:n  Hcv.rv  L:"!x  :o  :hc  English  geologist, 
Wvxvi\v:i;\i,  in  17IS.  I:  i*  iVoin  the  same  place^ 
a:ii  in  :hc  s^inio  k:::vi  v^rsioiu-  a>  the  preceding.  The 
third  i*  CHi^nucd  m  tho  treatise  i/V  Cw/?ro  of  the 
ihaious  F.m.umcl  SwcJ.i":  rvrj:.  I:  came  from  the 
nrhios  otCiUu-ksbrurr.  r.car  Ahczistein,  where  it  H*as 
r*o::::d  \:\  17SS.  1';!^^  :V::r:h  wa>  txtnicted  in  1793 
:K>:ti  the  :!-::u*s  o:"  Ko:hc:.bv::r^  near  the  Saale  in 
:!:c  :i:::.v:\  v^:'  l-.i^^.  C r  :\::  ;::  .:cr  jround.  It 
>  .;:  :-v:>i:-:  ;::  :.  .  i\  \ .:  >.'.;.  .;:  c:  Bcrhn,  These 
:.;::  <:v.:::\:<,  :.:.-.:  '  ivh>  .:  t^u  sa::ie  nature, 
::.*.:.:  ..\;:..."  \  .■•  v..  <  ..  ^.^  v:  :'.w  >A:r.o  species, 
A-  1-1  .i\...>  :.o;"  :  .  >/*  .:::;-  .:  :':::::  a:id  size  ot" 
«..  :  ;:  ^,-:::v.  w  :.::>,  .;  .i  .*v..  .li  ^  o:  ti:e  spine, 
:.  :  :..  ..;::,:  .:  :\  :  ,  *  ,.  :  .  ^.:->  Ti:ese  mav 
::.:.:.: :  ^v  .:".  .. '"•-■; . .,  : ;  iVv.  "-::Mv:  a  complete 
.".i  ...i.:A.  i\  :.•::.:       ,.  :.•  :  v   . .  :::.:\:"  :nmk,  the 

•     —    -  ..-.-«*.■      ...      h..t...      ',     ^^       ..     «         ■ 

i    -  :      *-         >.-..;.    >:-.:;^^  ./.'.y  >;:Arp.  anJ 

t...  "  — .    : : :   .  \  v  .:,■.:.    :  >  :..   ..ir.  .:h*iiesul- 

T. —  :  :  -  -  ■•::.:  .:  -..-  ./  .  ^  v.v  :>  :  :a.:r:ipcd  ; 
■.■::..   .::  :. .  .:;.   ^  :      >:.-:.  ..  :-i-,  ^^h:L■il  still 

"  *"  ^  ~  :.:.'-.  :  <  .L .  -  :■.  V  ;c  ht\iJ  has 
ri-i'i   .»'  .;  :  :.;:    .:  .:   ^:ovv\i:ic  ;   but  its 
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^ery  short  muzzle,  makes  it  more  ditfcrcnt  from  a 
Igavial,  than  from  any  other  species  of  JizarJ  rep- 
ile-  Even  the  head  engraved  by  Spener,  indicates 
►f  itself  the  genus  of  the  animal.  Had  it  been  a 
Tocodile,  it  would  have  had  at  least  15  teeth  on 
each  side  in  its  lower  jaw,  and  17  or  18  in  tlic 
ipper,  which  would  have  extended  to  beneath  tlie 
'middle  of  its  orbits.  It  has,  however,  only  11, 
which  go  back  no  further  than  under  tlie  anterior 
angle  of  the  orbit.     This  is  the  character  of  one  of 

Ejose  numerous  species  which  have  been  crowded 
>getheT  by  LinnxHis  under  the  name  of  Laceria 
lonitor.     This   iirst  feature,   once   recognised,  is 
confinned  by  all  the  rest. 

E.  Spener  conjectuies  tliat  the  length  of  his  animal 
lust  have  approached  to  three  feet ;  tliose  of  Swed- 
uborg  and  Link  had  nearly  the  same  size,  which 
agrees  with  what  the  monitors  of  the  most  ordinary 
species  usually  attain  ;  such  as  the  land  and  river 
lonitors  of  Egypt,  tliat  of  Congo  described  by 
^andin,  those  of  die  East  lutUes,  &c. 


§  II.  RED  AlARL. 

2»  Red  marl,  or  7i(nv  red  sandstone,  called  occa- 

ionally  Red  rock  or  red  ground.     It  stretches  with 

ittle  interruption  Irom  the  northern  bank  of  the 

ees  in  Durham,  to  the  southern  coast  of  Devon. 

[lire,   covering  a  great   extent  of  country.      It 

ipears  sometimes  as  a  reddisli  marl  or  clay,  some- 

imes  as  a  sandstone,  and  at  others  as  a  conglo- 

lerate  of  dift'erent  rocks,  cementeil  by  mail  or  sand. 

It  is  remarkable  for  containing  gypsum  beds,  and 

le  great  rock-salt  formation  of  England.      CoiU 
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sftrata  are  seen  to  dip  beneath  it.  The  colour  varien 
from  a  chocolate  to  a  salmon  hue.  The  red  marl 
is  noted  for  its  rhombic  tissures.  No  organic 
remains  whatever  have  yet  been  observed  in  any  of 
the  rocks  belonging  to  this  formation. 

The  red  marl  and  its  associated  magnesian  lime- 
stone,  form  the  lowest  of  the  nearly  horizontal 
strata  which  occupy  the  southern  and  eastern  coun* 
ties  of  England  ;  the  strata  on  which  these  rejKwe 
are  unconfbrmably  placed  witli  rt^ard  to  tlieni,  and 
rise  from  beneath  them  often  at  very  considerable 
angles,  into  lofty  mountains,  skirted  by  die  red 
marl,  which  occupies  the  extendeil  planes  at  their 
base. 

The  agitation  of  the  waters  would  thus  seem  to 
have  washed  that  pulverulent  deposit  down  from  ^d 
the  sides  of  the  elevated  rocks  of  carboniferous^™ 
limestone,  old  red  sandstone,  transition  slate  and 
greenstone,  strewing  it  over  tlie  hollows. 

Near  the  head  of  the  western  branches  of  the 
Trent,  the  great  central  phiin  of  tl>e  red  marl 
unites  with  that  which  occupies  almost  the  whole 
of  Cheshire,  the  southern  part  of  Lancashire,  ami 
the  northern  part  of  Shropshire  ;  watered  by  tlie 
Dee,  the  Weaver,  and  the  Mersey.  The  valley  & 
of  these  rivers  are  covered  by  the  red  marl  forma^ 
tion,  and  the  central  valley  that  of  Uie  Weaver, 
aflbrds  tliroughout  it^  course  abundance  of  saline 
springs,  containing  above  ^5  per  cent,  of  8alt« 
Gypsum  is  also  abundant.  At  Nortliwich  in  this 
vale,  an  extensive  deposit  of  rock-salt  has  been 
found,  consisting  of  two  beds,  together  about  fit) 
feet  thick.     These  are  supposeil  to  be  large  iiisu* 
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lated  masses  of  salt  about  a  mile  and  a  half  long, 
and  1300  yards  broad.  There  are  other  deposits 
of  this  saline  mineral  in  the  same  valleys,  but  of 
inferior  impoilance*  A  section  of  the  workings  at 
Northwich  is  given  below.* 

The  salt  works  of  Droitwich  in  Worcestershire 
arc  situated  iu  the  south-west  portion  of  tliis  great 
marly  plain. 

*  I.  Calcareous  marl  on  surface, 
Z.  fodurattfd  red  day, 
3.  Indurated  blue  clay  with  sand,  . 
♦-  Argillaceous  marl, 
5.  Indurated  blue  clay, 
0.  Ked  clay  with  sulphate  of  lime  irre^larly  intersecting  it,  4 

7.  Indurated  brown  clay  with  grains  of  sulphate  of  lime 

interspersed,  .  ,  .  .  4 

8.  Indurated  brown  clay  with  sulphate  of  lime,  crystnllized 
in  irregular  masses,  and  in  large  proportion, 

9.  Indurated  blue  clay,  laminated  with  sulphate  of  lime, 

10.  Argillaceous  marl,  .... 

11.  Indurated  bron-n  clay  laminated  with  Kulphateof  linoe, 
12-  loduraled  blue  clay  with  lamins  of  sulphate  of  lime, 
13.  Indurated  red  and  bine  clay, 
14b  Indurated  brown   chiy,  with  sand  and  sulphate  of  lime, 

irregularly  interFpersed  through  it,     .  -  13 

The  (rcsh  water  finds  its  way  through  holes  in  this 
stratum  at  the  rate  of  3G0  gallons  per  minute.  It 
has  iu  level  16  yards  from  the  surfece- 

15.  Argillaceous  marl,  ....  5 

16.  Indurated  blue  clay  with  sand,andgrains  of  Bidphateoflimc,  3 

17.  Indurated  brown  day  with  a  litUe  sulphate  of  hme,  1^ 

18.  Indurated  blue  clay  with  grains  of  sulphate  of  lime,  1 
19*  Indurated  brown  clay  with  sulphate  of  lime,  •  7 
80.  The  first  bed  of  rock  salt,  .  .  ■  75 
2 1  -  Layers  of  indurated  clay  with  veins  of  rock  salt  running 

through  tbcin,  ....  31 
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S2.  The  second  bed  of  rock  salt  which  has  been  sunk  into 

from  103  to  lOtt  feci,  ...  108 

Total  depth  of  workings, 
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The  districts  occupied  by  tHe  red  marl  formation 
are  in  general  destitute  of  any  eminences  exceeding 
400  or  500  feet.  Its  thickness  appears  to  be  very 
variable-  At  Durham,  pits  have  been  sunk  in  it 
fruitlessly  for  coal,  to  the  depth  of  7O8  feet,  with- 
out passing  through  the  beils  of  this  rock ;  while 
at  Pucklc  church  in  Gloucestershire,  shafts  have 
been  sunk  from  the  lias  beds  to  the  coal  measures, 
through  this  formation,  with  153  feet  of  boring* 
The  red  marl  between  Darlington  ami  Yarm,  about 
10  miles  distant,  a  little  on  the  south  of  east,  near 
its  junction  with  the  magnesian  lime,  is  at  least  120 
fathoms  tliick.  The  dip  of  the  beds  of  this  forma- 
tion is  generally  inconsiderable,  and  in  a  direction 
conformable  to  that  of  the  lias,  and  other  superja-  « 
cent  strata.  V 

Some  of  the  richest  land  of  England  lies  in  the 
range  of  red  marl.  It  is  uniformly  fertile  for  wheat,  U 
barley,  beans,  peas,  and  is  distinguished  for  the 
goodness  of  its  cyder  apples.  Several  experienced 
land  surveyors  have  said  that  the  best  tracts  of 
land  to  be  met  with,  occur  in  this  stnitum.  The 
trefoil  springs  up  every  where  of  its  own  accord. 
Water  cannot  be  procured  without  sinking  through 
the  marls  into  their  subjacent  sandstone  and  con- 
glomerate beds. 


§  nr.  OOLITIC  SERIES. 


This  series  includes  all  the  strata  betM-een  the 
red  marl,  and  the  iron  sand.  It  is  tlic  great  reposi- 
tory of  the  best  architectural  materials  that  Eng- 
land produces ;  consisting  of  oolitic  limestones, 
calcareous  sands  and  sandstones  argillaceous  and 
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argillo-calcareous  beds,  which  alteniate  with  one 
another  generally  in  the  same  order ;  that  is  an 
argillo-calcareous  formation,  is  surmounted  by  a 
calcareo-siliceous  sand,  over  which  lie  many  beds 
of  oolitic  limestone.  Three  of  these  systems  com- 
prehend all  the  beds  between  the  saliferous  or  new 
red  sandstone,  and  the  iron  sand.  Each  of  these 
systems  reposes  on  a  very  thick  argillo-calcareous 
formation,  whicli  always  constitutes  a  very  distinct 
line  of  demarcation,  and  prevents  the  possibility 
of  mistaking  them  or  confountUng  them  together. 
The  oolitic  rocks  ot^  each  system  generally  form  a 
distinct  range  of  hills,  separated  froju  that  of*  the 
other  systems,  by  a  wide  argillaceous  valley.  Hence 
we  may  represent  in  a  synoptical  view,  the  whole 
suite,  as  divided  into  the  lower,  middle,  and  upper 
oolitic  systems. 

Great  argillo-calcari-omt  for- 
mation of  lias  and  lias  marlr  the 
base  of  the  whole  serie.s, — Cal- 
careo-HiiicooaR  sand,  sustaining  and 
passing  into  tTie  inferior  oolit<*. 
— Numerous  ooHttc  strata  orca- 
Bionally  subdivideil  by  their  argil- 
laceouH  seaniH;  including  the  corn- 
brash,  Fore«t  marble,  nchistrt^e 
oolite,  and  8and  of  Stonesfield,  and 
Hinion,  tlie  great  oolite  and  infe- 
rior oolite. 

Great  OxfonI  clay,  (clunch 
clay  of  Smith),  which  divides  the 
ooUt«fl  uf  thin  syKtem  from  the 
next. 

Calcareous  naiid  imd  p^rit. 

Oolitic  strata  a^^Hociuted  with  the 
^  Coral  rag,  (pisolite  of  Suiitli). 
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S.  Upper  Oolitic  System. 


ArgiUtM^lcareous  foimation  of 
Kiinmen(l|2«  and  the  \$^»  of 
BerlvH,  u-liich  ihvidefl  the  oohteo 
of  this  from  the  next  Rystem,  (Oak- 
trw?  of  Smith). 

Calcareou!*  tiand  and  concretionft, 
1  (Sbotuver  liill  azid  Thame). 

Oolitic  strata  of  Portland,  Tis- 
barj',  and  Aylesbun-. 

Argillo-calcarcouB  Purln^ck  ttra- 
ta,  between  (be  iron-«and .  and  oolitic 


series. 


The  term  formation  is  employed  to  distinguish 
these  three  oolitic  systems,  which  are  separated  by 
vast  intervening  argillaceous  deposits.  These  for- 
mation suites,  seem  to  have  resulted  from  the  gra- 
dual and  successive  action  through  a  long  period, 
of  similar  causes  undisturbed  by  any  violent  change 
of  circumstances.  As  these  causes  produced  at  one 
time  argiUaceous,  at  another  arenaceous,  and  at  a 
third  calcareous  and  oolitic  deposits — alternations 
several  times  repeated — they  prove  the  very  unsta- 
ble equilibrium  of  the  terraqueous  fabric  in  those 
ancient  epochas. 

Each  of  these  beds  is  characterised  by  its  peculiar 
organic  exuviae,  and  ver)'-  often  even  the  munitest 
subdivisions  of  the  strata  may  be  thus  distinguished. 
Remains  occur  of  many  extinct  genera  of  o\i [Parous 
quadrupeds,  more  or  less  akin  to  crocodiles,  and 
monitors,  but  apparently  inhabitants  of  salt  water 
only,  as  also,  various  vertebral  fishes,  testacete  of 
every  description,  coralloid  zoophytes,  encrinites, 
&c. 

These  foimations  occupy  a  zone  in  England,  on 
an  average,  nearly  thirty  miles  broad,  stretching 
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across  tlie  island  from  Yorkshire  on  the  north-east, 
to  Dorsetshire  on  the  south-west. 

The  extensive  chains  of  the  Jura  mountains, 

'between  France  and  Switzerland,  are  principally 

composed   of  lias  or  grypiiite  limestone  and   an 

oolitic  series,  in  close  analogy  with  these  formations 

|in  our  own  island.     The  principal  varieties  of  the 

oolite  or  Jura  limestone  ;  are,    1.  A  compact  gray 

marble  ;  ii.  A  granular  oolite,  the  latter  occurring 

abundantly  in  the  Tyrol,  in  the  valley  of  the  Adige 

below    Trent,  and   occasionally  in   the   Salzburg 

mountains.     The  fonner  prevails  in  Switzerland, 

jand  generally  throughout  the  Alps. 

The  lias,  like  all  the  otlier  formations  in  the  Alps, 
is  destitute  of  our  alternating  beds  of  clay,  but  holds 
iits  position  between  the  oolite  and  new  red  sand- 
Istone.     In  tlie  central  parts  of  Germany,  the  lias 
iBtretches  from  the  Rauche  Alpe  (a  continuation  of 
I  tlie  Jura  chain),  tlirough  Wurtembourg  to  Nurem- 
tbourg,  Gotha,  \Vurtzbourg,  and  Cobourg,  occupy- 
ing the  greater  part  of  the  lower  country  between 
[the  mountains  of  the  Black  Forest  and  Vosges,  and 
lie  Bohmer  Wald  and  Thuringcr  Wald.  The  tracks 
>f  these  formations  in  England,  France,  Germany, 
id  Russia,  may  be  regarded  xs  parts  of  a  continuous 
(cries  of  deposits  which  cover  the  great  central  basin 
>f  Europe. 


$  IV.  LIAS. 

This   formation   consists   of    thick    argillaceous 

leposits,  the  base  on  which  the  whole  ooHtic  series 

!poses.     Their  superior  portion,  embracing  two- 

liirds  of  their  total  depth,  consists  of  beds  of  a  deep 
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blue  marl.  It  contains  only  a  few  irregular  and 
rubbly  limestone  beds.  In  the  lower  part,  the 
limestone  beds  are  more  frequent,  and  assume  the 
peculiar  aspect  of  lias,  namely  a  series  of  thin  stony 
beds  separated  by  narrow  argillaceous  seams,  giving 
the  quarries  of  this  rock,  a  striped  and  ribband-like 
appearance  at  a  distance.  In  the  undermost  beds 
of  this  limestone,  the  argillaceous  partings  often 
become  so  thin  as  almost  tt>  disappear,  a  circum- 
stance obserxable  in  the  lias  tract  of  South  Wales* 
Beds  of  blue  marl  with  irregular  calcareous  mas- 
ses, generally  separate  these  strata  from  the  red 
marl  of  the  subjacent  new  red  sandstone  forma- 
tion. The  limestone  beds  towards  their  centre 
when  freest  from  admixture,  contain  fully  90  per 
cent,  of  carbonate  of  lime  j  the  rest  is  alumina  and 
iron.* 

When  the  limestone  beds  come  in  contact  with 
the  alternating  strata  of  clay,  more  alumina  gels 
introduced  into  the  mineral.  The  lias  limestone  is 
particularly  characterised  by  its  dull  earthy  aspect, 
and  large  conchoidal  fracture.     Its    colour  varies 


•  Westbiiry  cliff  on  the  west  bank  of  the  Severn,  Gloucestershire, 
iilustrates  the  lower  beds  of  the  lias  formiktion. 

White  lias,           ......  10 

Blue  bhale  pasainf;  into  marl  stone,           ...  10 

Black  !>tuilc  with  iron-shot  fis.qurc8,          ...  IS 
(ireen  siliceous  grit,  highly  xuicaceoiu,  and  containing  plenty  of 

bones,  well  known  by  the  name  of  the  bone  bed,          .  1 

'  Black  shale.         ......  « 

(ireen  grit,           ......  0 

^  Black  bhttle,         ......  2 

Greenish  marlstoac  decomposing  into  balls,         .            .  18 
Red  marl  of  the  new  red  sandstone  formation. 
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[tji  different  beds  from  light  slate-blue  or  smoke-gray 
white,  the  former  shades  belong  to  the  upper, 

ithe  latter  to  the  lower  layers  of  the  formation.  The 
blue  lias  contains  much  iron,  and  affords  a  lime 
capable  of  setting  under  water.  The  white  is  sus- 
ceptible of  a  fine  polish,  and  may  be  employed  in 
lithography.  It  must  be  distinguished,  however, 
from  the  lithographic  stone  imported  into  this 
country  from  the  continent.  This  comes  from  the 
quarries  of  Solenhofen,  and  is  of  much  more  recent 
['ormation,  or  stands  higher  in  the  order  of  super- 

[position. 

The  slate-clay  or  shale  with  which  the  lias  alter- 
nates is  of  a  gray-brown  or  black  colour,  it  is  fre- 
quently bituminous,  and  readily  divides  into  plates 

ins  thin  as  pasteboard.     The  lias  is  never  of  a  va- 

[xiegated  hue  like  common  marble,  nor  brecciated, 
neitlier  does  it  take  brilliancy  or  depth  of  tint  by 
polishing.     It   sometimes   exhibits   dendritical  ap- 

[pearances  (Cottam  marble).  The  irregular  beds 
consist  of  fibrous  limestone  and  cement  stones 
,(septaria),  so  called  from  being  used  in  making 
Hydraulic  mortar.  When  they  are  large  and  flat, 
lliese  septaria  are  called  girdles.  Along  the  Whitby 
coast  these  girdles  have  afforded  a  partial  protection 
to  the  shale,  occasioning  a  number  of  grotesque 
insulated  masses,  wliich  often  turn  red  dta  exposure 
to  the  air. 

The  lias  is  nearly  destitute  of  metallic  or  earthy 
minerals/except  iron-pyrites  which  is  very  abundant. 
13y  the  acidification  of  its  sulphur  the  argillaceous 
strata  acquire  that  efflorescence  of  the  aluminous 
sulphate,  which  is  so  extensively  worked  at  Whitby. 
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To  the  same  pyritous  decomposition,  must  be 
ascribed  the  spontaneous  inflammation  often  ob- 
served in  the  cliffs  near  Charmouth  in  Dorsetshire. 

Ot^ganic  Remains. — The  organic  remains  contain- 
ed in  tlie  lias  are  peculiarly  interesting.  They  afford 
more  animals  of  a  higher  order  (viz.  of  the  verte- 
bral class)  than  are  contained  in  the  catalogue  of 
any  other  formation,  excepting  perhaps  the  Stones- 
field  beds  of  calcareous  slate,  in  the  great  oolitic 
series  about  to  be  described. 

In  this  class  we  have  first  to  notice  the  remains 
of  two  very  remarkable  extinct  genera  of  ovipar- 
ous quadrupeds,  evidently  belonging  to  the  same 
group  with  the  great  natural  order  Laceria,  or 
lizard ;  but  differing  most  essentially  in  structure 
from  all  the  genera  at  present  known  to  exist,  and 
in  such  a  way  as  must  have  fitted  them  to  live  exclu- 
sively in  the  sea.  They  appear,  therefore,  to  bear 
the  same  relation  to  living  lacertse,  that  tJie  cetacea 
(whale  tribe)  bear  to  other  mammalia,  and  form 
a  division  of  the  order  lacerta  to  which  the  name 
EnaliO'Sauri  (marine  lizards  or  fish-crocodiles)  may 
be  conveniently  applied.  The  investigation  of 
their  comparative  anatomy,  or  ratlier  osteology,  i« 
very  interesting.  It  has  laid  open  various  new 
links  in  die  chain  of  animated  nature.  See  tJie  end 
of  tliis  section. 


LIST  OF  LIAS  FOSSILS. 

3>  The  Whitby  Blum  shale  contains  nltso  nbuntlani  bones  of  IhokftKJ 

thyoMums  and  pleniosaurus. 

4.  Bones  and  pstatcs  of  the  turtle  have  1}eeti  Tound  in  this  fbnntdoOr] 

5.  Full  orRctrral  species  also  occur  in  its  slrata. 

6.  The  radius  of  a  species  of  holista  is  of  common  ociurrenor. 
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7.  There  are  some  crabs,  of  the  cnistaceoiis  tribe. 

(^.  Among  testaceous  animals  we  have  species  of  ainmonitcai 
nautilitcs,  belcmnitcsj  helecina;,  the  trochuii,  moilinla,  unio,  cardita, 
terebratula,  spirffer,  gryjihea,  ostrea,  pccteii,  plagiostoma,  lima,  plicH* 
fula  I  but  the  most  characteristic  shelb,  are  the  ammonites  Bucklandi» 
cryphea  incurva,  and  the  plagio»toma  gigantea.    See  Plate  II. 

0.   Echinus,  a  variety  of  ciilaris  papillata* 

10.  Encrinitcs-  Many  species  of  p<?ntamnite  occur  in  the  up[Ter  beds 
of  the  liafl  formation. 

1 1<  Corals — modrepom  turbinata' 

The  vegetable  remains  consist  of  fossil  woot),  sometimes  charred  and 
occasionatly  silicified.  Gigantic  reeds  rcscmblinj^  arunrfa  tfonar,  are 
found  in  the  sea  cliffs  opposite  High  Wliitby*  Trunks  and  branches  of 
fos&il  trees,  the  bark  and  softer  parts  of  which  have  been  chained  into 
Jet,  are  frctjuently  met  with  in  tlie  alum  bbale;  and  leaves  and  impres- 
sions like  those  of  the  palm,  occur  in  the  sandstone  and  iron-stone. 

The  lias  formation   stretches  across    from   the 

coasts  of  the  German  Ocean  in  Yorkshire  to  those 

^of  tlie  Channel  in  Dorsetshire.    The  best  places  for 

itudying  this  stratum  are  the  cliffs  of  Whitby  in 

'orkshire,  those  of  Fretlierne  and  Wcstbury  on  tlie 

•estuary    of   the    Severn    in   Gloucestershire,    of 

XVatchettin  Somersetsliire,  of  Abertliau  in  Glamor- 

inshire,  and   of  Lyme  in  Dorsetshire.     The  Has 

[enerally  forms  broad  and  level  plains  at  the  foot 

>f  tlie  ooHtic  range  of  hills.    It  has  been  remarked 

[that  the  argillaceous  formations  in  most  cases,  con- 

itute  low  tracts  in  the  present  coniiguration  of  the 

:h's   surface  j   a  circujustance   which   may   be 

iascribed  to  their  offering    less   resistance,   ufler 

deposition  under  the   antediluvian  ocean,  to  the 

^«weej)ing  action    of  the   agitated  waters.      They 

[Hist  have  also  sufiered  a  similar  operation  from  the 

ins,  ever  since  they  were  brought  to  the  day. 

iear  the  Mendips,  the  lias  sometimes  occurs  on  tlie 

[|)row  of  tolerably  steep  escarpments,  but  its  maxi- 
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mum  elevation  does  not  amount  probably  to  five 
hundred  feet  above  tlie  level  of  the  sea.  This  may 
also  be  regarded  as  its  tliickness.  The  inclination 
of  tlie  strata  is  generally  very  small,  not  exceeding 
40  feet  in  the  mile,  which  conformably  with  all  the 
strata  that  range  across  the  island,  from  nortli-eaat 
to  south-west,  is  in  a  south-easterly  direction, 

As  a  soil  it  is  usually  cold  and  tenacious,  fitter 
for  pasture  than  tillage.  In  (jlaniurgaushire,  how- 
ever, it  bears  very  fine  wheat ;  and  the  marl  of  the 
rag,  or  gray  lias,  is  reckoned  the  richest  in  the 
country. 

The  springs  are  generally  thrown  out  by  the 
marl  above  the  lias,  near  its  junction  with  the  lower 
beds  of  the  sand  that  underlie  the  inferior  oolites  ; 
and  it  is  therefore  uncertain,  to  which  fonnation 
the  flow  of  water  sliould  witli  most  propriety  be 
referred. 

Completely  within  the  district  of  the  lias  marls 
water  can  be  had  only  by  sinking  to  the  bottom  beds. 


GREAT  ANTEDILUVIAN  AMPHllllA. 

I  shall  annex  to  the  present  section,  a  somewhat 
detailed  account  of  this  interesting  order  of  antedi- 
luvian animals,  all  long  since  extinct,  which  occur 
in  the  has  or  the  adjoining  mineral  beds,  A  few 
words  may  be  j)remised  on  the  great  cetaceous  fishes 
(the  whale  tribe).  From  an  investigation  of  their 
fossil  remains,  and  from  a  skilful  comparison  of 
them  with  the  osteology  ol'  their  living  types,  M. 
Cuvier  draws  the  following  conclusions. 

Thus  is  more  and  more  confinned  the  proposition 
already  deduced  from  the  examination  of  fossil  shells, 
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hat  not  only  the  productions  of  the  dry  land  have 
been  changed  during  tlie  convulsive  revolutions  of 
the  globe,  but  the  sea  itself,  the  principal  agent  of 
the  most  part  of  these  revolutions,  has  not  pre- 
served the  same  race  of  inhabitants ;  tliat  when  it 
formed  in  our  neighbourhood  those  immense  cal- 
careous rocks,  replete  with  shells  at  present  almost 
all  unknown,  the  great  mammijera  wliich  it  nour- 
ished  were  not  those  which  people  it  at  the  present 
day ;  and  that  in  spite  of  a  strength  commensurate 
witli  their  enormous  size,  they  have  not  been  able 
to  resist  the  turmoils  of  their  own  element ;  in  the 
same  way  as  tlie  elephants,  hippopotamuses,  and 
rhinoceroses,  the  most  robust  of  cpiadrupcds,  fell 
victims  on  the  surface  of  the  earth  to  corresponding 
violence. 

The  bones  of  crocodiles  form  a  very  interesting 
oup  of  animal  remains.  They  are  by  no  means 
rare  in  the  deeper  and  more  ancient  secondary 
strata  ;  and  although  they  differ  in  species,  they  all 
belong  to  tlie  long  muzzled  sub-genus,  which  Cuvier 
calls  gavials. 

In  the  year  175S,  Woller  and  Chapmann  found 
on  the  sea-shore  in  the  Whitby  alum-slate  forma- 
tion, the  bones  of  an  animal  like  a  crocodile.  Tlie 
drawing  which  they  gave  in  the  Phil,  Trans,  vol.  L. 
shows  a  contorted  spine,  9  feet  long,  and  a  head 
somewhat  out  of  place,  2  feet  9  inches  in  length. 
The  head  narrows  anteriorly,  not  suddenly,  but  by 
degrees,  as  in  the  crocodiles  of  Altorf  and  Hon- 
fleur,  into  a  pointed  snout,  which  was  covered  in 
certain  places  with  the  remains  of  the  lower  jaM'. 
At  these  places  there  appeared  in  both  jaws,  large 
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sharp-pointed  teeth,  placed  alternately,  and  closely 
crossing  each  other ;  but  where  the  under  jaw  had 
been  carried  away,  the  teeth  of  the  upper  jaw  were 
also  removed,  showing  only  their  deej)  sockets 
placed  at  the  same  respective  distances  as  the  teeth 
themselves,  that  is  to  say,  three  quarters  of  an 
inch  asunder.  The  enamel  of  the  teeth  was  well 
polished. 

At  high  water,  the  sea  rose  5  or  6  feet  above  this 
skeleton,  and  had  tossed  up  sand  and  j>cbbles  which 
had  defaced  it  a  good  deal,  destroying  the  strata 
which  hud  originally  covered  it.  It  is  now  in  the 
Museum  of  the  Royal  Society.  Camper  pronounced 
this  fossil  to  have  been  a  whale  ;  but  a  whale  has 
no  teeth,  and  this  animal  had  teeth  in  both  jaws. 
It  may  probably  belong,  says  M.  Cuvier,  to  the 
newly  discovered  fossil  animal,  Ichthi/osaurus, 

In  December  18^24,  there  was  observed  in  the 
face  of  a  steep  cliff,  near  Whitby,  part  of  the  l>ead 
of  a  large  animal,  standing  out  from  the  surface  of 
the  alum-shale,  several  yards  above  high  water-mark. 
After  several  days'  labour,  attended  with  considerable 
peril,  the  whole  of  the  bones  were  got  out  of  tlic 
rock  ;  forming  a  nearly  complete  skeleton  of  a 
crocodile.  Most  of  the  bones  of  both  the  hind  Iqipj, 
with  fragments  of  those  of  the  fore  legs,  were  dis- 
tinctly recognised.  At  the  same  time,  the  appear- 
ance  of  portions  of  the  scaly  crust  of  the  animal, 
arranged  in  rectangidar  compartments,  as  in  the 
crocodile,  made  it  easy  to  determine  the  family  to 
which  the  animal  had  belonged.  It  is  figured  in  the 
Edin.  Phil.  Journ.  vol.  XIII.  p.  76.  The  length 
of  the  animal  seems  to  have  been  about  18  feet. 
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[S'he  form  of  its  bead  allies  it  to  the  gavial  crocodile^ 

'he   teeth   are  small    and    very   numerous,   and 

ranged  in  straight  lines  as  in  the  Ichthyosaurus,  but 

lot  in  the  bent  or  curved  form,  like  those  of  the 

iving  crocodile.     The  vertebral  column  and  bones 

»f  tlie  pelvis  resemble  in  structure  tliose  of  the 

fJJilotic  crocodile. 

The  crocodiles  of  Francouia  were  not  known  so 

[Boon  us  tliose  of  England,  but  in  genus  they  are  not 

ibject  to  the  same  uncertainty.     The  rock  con- 

[taining  them,  is  descril>ed  as  a  calcareous  stone,  or 

lad  marble  of  a  gray  colour,  replete  with  ammonites 

paml  other  ancient  shells.    The  quarries  are  neaj-  tlie 

temall  town  of  Altorf,  now  belonging  to  the  kingdom 

\oi'  Bavaria.     The  strata  are  referred  to  tlie  middle 

tpolitcs.     The  heads  belong  to  the  genus  crocodile, 

lut  the  species  is  uncertain. 

The  gangue  in  wliich  the  crocodile  bones  of  the 

|Viccntin  are  imbedded  does  not  resemble  the  prc- 

teding ;  tiiough  it  also  belongs  to  the  shell-limestone 

^formation  of  Jura  (lias  and  oolites).     One  of  the 

lost  complete  and  undoubted  fossil  crocodiles  both 

as  to  genus  and  species,  is  that  of  Monheim,  dis- 

►vered  by  Sa^mmcring. 

There  are  few  countries  more  celebrated  among 
latiiralists,  and  collectors  of  petrifactions,  than  that 
iwhich  extends  along  the  banks  of  the  Altmuhl,  one 
[of  the  tributaries  of  the  Danube,  towards  Pappen- 
leim  and  Aichstedt.  Here  the  numerous  quarries 
©f  a  whitish  calcareous  schistus  which  are  worked 
into  paving  stones  for  the  tioore  of  apartments,  per- 
Ipetually  furnish  casts  of  fishes  and  crustaceous 
animals,  entirely  unknown  to   modem   Germany, 
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and  roost  probably  to  living  nature.  Among  iliese 
are  also  some  very  curious  reptiles,  such  as  thei 
pterodactyles,  or  wing-toed  animals,  which  we  shall 
describe  afterwards. 

These  schists  have  acquired  a  general  celebrity] 
from  their  employment  in  lithography,  a  purpose. 
which  they  answer  better  than  any  other  &tone9*j 
They  belong  to  that  prolongation  of  the  chain 
the  Jura  mountains,  which  after  opening  a  passage^ 
to  the  Rhine  at  the  fall  of  Schaffhausen,  extends, 
into  Germany,  as  far  as  the  banks  of  the  Mein  near 
to  Cobourg. 

The  valley  of  the  Altmuhl  has  very  precipitous 
sides.  On  these  it  is  easy  to  observe  through  a 
height  of  200  feet^  the  constituent  range  of  strata. 
The  calcareous  schists  occupy  the  summit.  They: 
are  rich  in  fishes,  in  Crustacea,  reptiles,  and  eveit- 
star-fish,  but  destitute  of  other  shells,  except  two 
species  of  tellines^  and  some  small  ammonites. 
These  strata  repose  on  a  considerable  mass  of  dolo* 
mite  or  magnesian  limestone,  of  which  M.  Von 
Buch  gives  a  very  interesting  history  in  the  Journal' 
de  Physique  for  18SS.  It  is  not  stratiiiedf  and 
presents  hardly  any  where  traces  of  petrifactions* 
Of  this  dolomite,  and  its  covering  schists,  there  are 
none  very  near  at  hand,  in  the  whole  chain  of  tlic 
Jura.  Tliey  begin  to  appear  only  between  Dona* 
wert  and  Nordlingen.  The  dolomite  itself  extends' 
to  the  north  much  farther  than  the  schists,  and  it 
is  in  its  masses  that  the  famous  bone-caverns  are 
hollowed  out,  of  which  we  shall  afterwards  treat. 
Under  it  are  beds  of  grayish-white  limestone,  com* 
pact,  dull,  with  a  scaly  fracture,  rich  in  ammonites, 
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'hich  furnish  enormous  building-stones  ;  and  last 
all  there  is  a  brown-gray  or  gray-limestone,  of  a 
me  grain,  the  basis  of  all  the  hills  of  this  canton. 
The  most  celebrated  of  these  slate  quarries  is  that 
Solenhoffen,  in  the  very  valley  of  the  Altmuhl, 
little   below  Pappcniieun.     The  fossil  crocodile 
^hich  we  are  now  to  describe,  was  found  at  a  little 
istance  from  this  place.     It  was   discovered    at 
^Daiting,   two    leagues    from    Monheim,   enclosed 
ibetween  two  plates  of  a  schistose  marly  limestone, 
[yellowish-gray,  spotted  red  or  yellow  with  oxide  of 
iron,  and  mingled  here  and  there  with  fragments  of 
[uaru,  deliciateiy  veined,  of  a  blackisli  colour,  and 
fcrystallized.    It  was  accompanied  with  a  cast  of  the 
[tail  of  a  small  Hsh,  and  remains  of  an  insect. 

The  bones  of  the  crocodile  arc  browner  than  the 
i8tone  itself.  They  still  contain,  by  M.  Gehlen's 
analysis,  some  animal  matter,  with  a  notable  pro- 
portion of  phosphoric  acid. 

The  larger  of  these  stone  slabs,  3  feet  long,  and 
15  inches  broad,  contains  the  head,  the  trunk,  and 
the  tail  of  this  animal,  from  cud  to  end,  very  little 
deranged,  along  with  a  hind  foot  almost  entire, 
detached  from  the  trunk  and  incrusted  at  some 
distance.  Scaly  parts  are  mingled  with  the  bones. 
We  there  sec  the  upper  face  of  the  lower  jaw 
armed  with  25  or  Q6  teeth  on  each  side,  with  its  two 
branches  separated  at  an  angle  oiSO^,  Of  the  upper 
jaw  we  sec  the  palatal  surface,  along  with  the  cov- 
ering bone  and  other  parts  of  the  skull  together, 
but  a  httle  detached,  along  with  the  snout.  The 
series  of  the  vertebrae  C9  in  all,  fs  not  deranged 
except  towards  the  tail.     A  single  glance  will  con- 
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fossil 


that   Liiis 
crocodile  more 


vince  the  comparative  anatomist 
skeleton  resembles  a  small  gamal 
iJian  any  other  known  animal. 

It  has  on  the  wiiole  the  proportions,  the  number 
of  parts  the  form  of  the  snout,  of  tlie  feet,  of  the 
teeth,  &c.  \  and  in  fact  some  attention  is  requisite 
to  discover  the  differences  ;  which  however  will  be 
found  to  be  quite  specific.  It  has  ten  vertcbrse 
more  than  any  crocodile  know^n  to  naturalists 
These  are  in  its  tail.  From  this,  and  several  other 
distinctive  marks,  it  is  styled  by  Sa^mmering  and 
Cuvier  the  Aticient  Crocodile,  with  oblong  cylindiical 
muzzle,  under  teeth  alternately  Jong  and  short,  aiid 
the  thigh  bones  double  the  length  of  those  of  the 
leg.  The  above  animal  was  fully  3  feet  long. 
The  length  of  its  head  was  nearly  seven  inches,  and 
of  its  tail  nearly  19.  It  is  very  remarkable  that  tlie 
tail  is  no  longer  in  proportion  to  its  body,  notwith* 
standing  its  having  ten  vertebne  more  than  the  little 
gavial  which  is  most  akin  to  it.  A  fossil  crocodile 
of  a  similar  kind,  but  in  much  worse  preservation, 
was  found  long  ago  at  Boll  in  Wurtemberg,  and  is 
now  in  the  cabinet  of  Dresden. 

But  a  more  interesting  specimen  of  this  fossil 
animal  has  been  recently  exhumed  from  the  stone 
quarries  near  Caen  in  Normandy.  In  this  district, 
below  the  chalk,  and  the  great  ferruginous  sand 
which  serves  as  its  basis,  is  a  bed  of  blue  marl 
which  begins  to  show  itself  at  Havre,  and  rises  more 
on  the  other  side  of  the  Seine,  at  Henqucville, 
between  Honfleur,  and  the  Vaches  Noires.  In  this 
bed,  have  been  found  near  Havre,  bones  of  a  croco- 
dile.    Under  this  stratum  there  are  vestiges  of  our 
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Portland  Jimestone,  and  lower  still,  the  madrepore 
bed  which  is  called  in  England,  coral  rag.  Under 
this  are  found  beds  sometimes  800  feet  thick,  of 
anotlier  blue  marl  analogous  to  that  of  Oxford, 
which  forms  the  Vaches  Noires,  whence  the  croco- 
diles were  dug,  and  the  species  of  reptile  that  Mr. 
Conybeare  has  called  plesiosatinis.  Between  this 
marl,  and  the  stone  of  Caen,  tliere  are  two  other 
beds  equivalent  to  the  cornbrasli  and  forest  marble 
of  England,  The  latter  must  be  tlie  bed  replete 
with  corals,  alluded  to  by  M.  Magneville,  presi- 
dent of  the  Academy  of  Caen,  under  which  alone 
is  found  the  Caen  rock.  Beneath  it,  wc  have 
another  bed  of  blue  marly  stone,  the  counterpart  of 
the  lias  of  England,  which  rests  on  the  red  sand- 
Stone.  M,  de  Labeche  who  has  given'  a  good 
account  of  this  district  in  the  Trans,  of  the  London 
Geological  Societj/t  ^2d  act^ies,  vol.  I.  thinks  that 
this  lias  of  France  contains  bones  of  the  ichthy- 
osaurus like  that  of  England. 

It  is  however  certain  that  this  crocodile  of  Caen 
as  well  as  that  of  Monheim,  those  of  Honfleur,  and 
several  others  whicli  remain  to  be  mentioned,  be- 
long to  the  great  assemblage  of  beds  which  French 
geologists,  have  agreed  to  call  the  Jura  formation, 
and  the  English,  oolites. 

This  crocodile  does  not  seem  to  have  been  rare 
in  this  part  of  the  world,  at  the  period  when  it  lived, 
for  within  the  very  few  years  that  attention  has 
been  bestowed  on  this  kind  of  fossil  monuments, 
the  remains  of  at  least  ten  individuals  have  been 
collected. 

Tlie  fragment  belonging  to  tliis  species,  which 
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has  excited  most  attention,  was  tbund  at  the  end  of 
the  year  1817»  in  that  portion  of  the  stone  beds  of 
Caen  which  occupies  the  right  bank  of  the  riverOme, 
in  tile  quarries  of  a  small  village  called  Altemagne, 
about  a  league  to  the  soutli  of  the  city  of  Caen.  It 
lay  about  50  feet  below  the  surface  of  the  stril, 
under  which  these  quarries  are  worked.  AmODg 
sevenil  very  curious  blocks  exhibiting  various  parts 
of  the  skeleton,  one  contains  the  skull.  The  oblong 
snout  was  imbedded  in  the  neighbovu'hood,  along 
with  the  vertebrae,  the  ribs,  the  bones  of  the  legs 
and  feet,  and  the  scaly  armour  of  the  animal,  all  in 
good  preservation.  These  belong  to  a  gavialj  dif- 
ferent alike  from  all  tiie  living,  and  fossil  species 
hitherto  discovered.  The  entire  snout  was  at  least 
SO  inches  long. 

There  are  some  crocodile  remains  in  the  Jura 
itself,  in  its  most  compact  strata,  wliich  are  very 
similar  to  marble  in  hardness,  and  susceptibUity  of 
a  fine  polish.  They  are  accompanied  by  several 
species  of  tortoises. 

"  The  presence  of  an  animal,"  says  Cuvier,  "  such 
as  the  crocodile,  apparently  belonging  to  fresh 
water,  in  such  beds  is  a  very  remarkable  circum- 
stance. It  is  the  more  deserving  of  notice,  as  it  is 
there  accompanied  with  several  tortoises,  all  equally 
inhabitants  of  fresh  water.  This  fact  joined  to  seve- 
ral others  of  which  we  sliall  speak,  proves  that  there 
existed  dry  lands  irrigated  by  rivers  at  an  exceed- 
ingly remote  epoch,  and  long  before  the  successions 
of  those  tcrtiarj'  mineral  formations,  which  exist  in 
the  neighbourhood  of  Paris,"  But  may  not  these 
strange  species  of  crocodiles,  have  been  adapted  to 
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ive  in  the  sea,  as  well  as  their  companion  tor- 
toises  ? 

A  rich  collection  of  the  bones  of  two  unknown 
species  of  gavial  crocodiles,  was  made  near  Hon- 
[fleur  and  Havre,  and  transmitted  to  tlie  Museum  of 
|Katural  History  in  Paris,  These  bones  belong  to  a 
mineral  formation,  anterior  to  the  strata  which  fur- 
nish the  bones  of  even  tlie  most  ancient  quadrupeds, 
such  as  are  found  in  the  gj'psums  round  Paris  ;  for 
these  gypsums  repose  on  tlie  shell  limestone,  which 
[rests  on  the  chalk,  that  covers  the  crocodile  bed. 

The  most  considerable  of  these  fossil  remains,  is 

.an  under  jaw  nearly  complete.     It  presents  more 

characters  than  are  necessar}^  to  determine  a  species, 

id  to  distinguish  it  from  the  existing  gaxnaL     In 

le  same  strata,  fragments  of  another  jaw  are  found 

far  liker  the  gaviai's. 

Anotlier  jaw-bone,  closely  resembling  that  of  the 
^aoialt  has  been   found  on    the  left  bank   of  the 
lYonne.     This  must  have  belonged  to  a  crocodile 
17  J  feet  long. 

Two  other  crocodiles,  one  with  a  long  and  the 
lother   with  a  short    nmzzie,    have  been   detected 
among  the  fossil  bones  from  Honfleur. 

Crocodiles  have  also  been  discovered  under  the 
chalk  formation  in  the  ferruginous  siinds  of  Eng- 
land  ;  in  the  chalk  itself  at  Mendon  ;  and  imme- 
diately over  the  chalk  in  the  lignites  and  plastic 
clay  of  several  districts. 

Teeth  and  bones  of  a  crocodile,  have  been 
detected  in  the  lignites  (wood  coal)  above  the  chalk, 
and  under  the  coarse  limestone  and  plastic  clay  of 
Auteuil  near  Paris. 
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It  is  indeed  very  probable  that  beds  of  lignite 
exist  above  the  coarse  limestone,  the  cakaire  gras- 
sier of  Brogniait,  which  are  consequently  of  more 
recent  fonnation. 

M,  Cuvier  lias  shown  that  il'  the  species  of  croco- 
diles now  existing  be  more  numerous  than  was 
believed,  tlie  fossil  species  present  also  a  great 
variety-  At  least  six  perfectly  distinct  ones  may 
be  reckoned,  which  differ  no  less  from  the  living 
crocodiles,  than  they  do  from  each  other.  These 
are  the  species  of  Monheim,  the  two  species  of 
Honflcur,  and  that  of  Caen  ;  the  whole  of  wliich 
ibur  belong  to  the  sub-genus  of  gavials ;  and  die 
species  of  Montmartre  and  Argenton,  whose  sub- 
genus appears  to  be  rather  that  of  the  crocodiles, 
or  the  caymans- 

Our  knowledge  on  this  head  is  very  interesting, 
since  it  proves  that  crocodUes  have  been  subjected 
to  tlie  same  law  as  the  mammiferous  animals,  and 
that  tlieir  species  have  not  resisted  die  catastrophes 
which  new  modelled  the  exterior  crust  of  the  globe. 
But  the  most  remarkable  truth  of  which  we  have 
here  the  first  intimadon,  is  that  the  ditlerent  classes* 
of  vertebral  animals  have  not  the  same  geological 
graves,  for  the  fossil  monumentsof  reptiles  aredeeper 
seated,  and  consequently  have  been  interred  at  much 
earlier  periods  than  the  land  mammijera. 

Thence,  till  the  last  epoch  but  one,  there  has 
always  subsisted  in  our  regions  some  species  of 
crocodiles,  and  in  considerable  abundance.  A  few 
occur  even  in  the  diluvial  and  superficial  strata,  in 
which  so  many  carcasses  of  elephants  and  other  great 
quadrupeds  have  been  buried ;  if  we  do  not  sup- 
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pose  that  the  small  number  of  fragments  collected 
at  Brentford  have  rather  been  transported  thither 
from  the  debris  of  some  deeper  mineral  bed. 

It  must  nevertheless  be  admitted  that  the  bones 
of  crocodiles  are  extremely  rare  in  these  diluvial 
soils. 

Cuvier  has  not  seen  them  either  in  those  immense 
collections  of  bones  of  all  sizes  that  have  been  made 
in  the  Val'  d'Arno,  or  in  those  of  Germany,  or  in 
any  of  the  French  deposits.  "  This  circumstance," 
says  he,  "  must  appear  the  more  extraordinary,  as 
crocodiles  live  at  the  present  day  in  the  torrid  zone 
with  the  elephants,  the  hippopotami,  and  all  the 
other  genera  which  have  furnished  those  bones. 
1  am,  however,  just  now  informed  that  some  have 
been  recently  found  in  the  diluvial  beds  of  the  Val' 
d'Arno."  This  want  or  rarity  of  crocodile  remains 
in  diluvial  soils  should  excite  no  surprise  whatever, 
for  the  rising  flood  of  waters  which  killed  the  land 
quadrupeds,  would  not  prove  fatal  to  the  amphibious 
crocodile.  Hence  as  these  two  classes  of  animals 
did  not  die  together,  they  could  have  no  common 
place  of  sepulture.  The  crocodiles  would  in  fact 
hold  by  their  favourite  element  at  the  retiring  of 
the  waters,  and  come  thus  to  be  transterred  from 
rivers  to  the  ocean.  Many  would  probably  be 
destroyed  in  the  catastrophe,  and  a  few  mitrht  die 
from  age,  whose  remains  may  have  been  lett  on  the 
land  when  the  waters  were  drawn  oft'  into  their  new 
reservoirs. 

The  variety  of  living  tortoises  is  so  considerable, 
as  to  make  it  difficult  to  decide  whether  a  fossil 
tortoise  belongs  to  an  luiknown  species  or  not. 
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On  tlie  left  bank  of  the  Aar,  a  little  way  north  oti 
the  town  of  Soleure,  are  numerous  quarries  of  Jura 
Hmestone,  which  was  certainly  formed  under  the 
sea,  yet  in  which  the  remains  of*  tortoises  {emi/des) 
and  crocodiles  occur.  A  shield  was  found  24  inches 
long,  and  20  hroad.  Similar  specimens  have  beea 
dug  out  of  the  ferruginous  sandstone  of  the  county 
of  Sussex ;  in  the  soft  sandstones  of  Dordogne  and 
Switzerland,  strata  reckoned  superior  to  the  chalk 
formation  ;  and  in  the  clay  strata  of  the  Isle  of 
Sheppy. 


1 


TTie  above  figure  represents  a  ftwuU  tortoise  of  the  trionyx 
round  in  the  gypsum  quarries  of  Aix.  The  shield  is  &een  to  have 
\of>t  D  portion  of  its  marpn.  The  vertebral  platen  form  a  riil^e  in  the 
middle  of  the  bacJc,  like  the  trionox  carenaia  of  Oeoffroy.  The  trionyt 
of  Java  and  the  Oangea  is  the  only  one  poasesscd  of  a  stimlor  abield, 
though  there  are  lUfterences  nifBcient  to  distioguish  this  from  every  living 
qiecies  dow  known. 

Remains  of  sea  turtles  are  found  in  the  neigh- 
bourhood of  Maestricht,  in  those  celebrated  quarries 
of  a  kind  of  coarse  chalk  of  a  sandy  appearance, 
excavated  in  the  mountain  of  St.  Pierre,  and  tliev 
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arc  promiscuously  mixed  with  such  a  variety  of 
marine  productions  and  bones  of  gigantic  saurians 
(lizards  and  crocodiles)  as  have  rendered  this  moun- 
tain famous  in  geology. 

It  now  remains  to  treat  of  the  most  celebrated 
fossil  reptile,  one  which  occasioned  most  contro- 
versy, ha\'ing  been  taken  at  one  time  for  a  crocodile, 
at  another  for  a  saurian  of  some  other  ordci%  and 
lastly  for  a  cetaceous  animal,  or  even  for  a  fish. 

Its  bones  have  been  hitherto  found  only  in  one 
canton  of  inconsiderable  extent,  in  the  hills  which 
border  the  east  or  west  side  of  the  valley  of  the 
Meuse  in  the  environs  of  Macstricht.  The  ganguc 
is  a  very  tender  calcareous  stone.  This  limestone 
bed  is  at  least  189  feet  tliick.  In  many  parts  of  it, 
nodules  of  silex  are  found,  which  along  with  the 
circumstance  of  the  stone  changing  by  degrees  into 
chalk,  a  few  leagues  up  the  valJey  of  the  Meuse, 
proves  the  mass  to  belong  to  the  chalk  formation. 
It  contains  moreover  the  same  fossils  as  the  chalks 
of  Meudon,  and  the  other  portions  of  the  Paris 
basin  ;  namely,  sharks*  teeth,  gryphites,  belemnites, 
and  ammonites.  All  these  shells  are  found  along 
with  the  bones,  in  the  lower  parts  of  the  mass 
which  are  also  the  most  tender.  The  upper  parts 
arc  harder,  and  contain  more  madrepores,  so  that 
none  of  these  are  collected  unless  when  some  irag- 
inents  fall  down  from  the  top  of  the  mountain. 
Several  of  them  are  converted  into  silex. 

The  numerous  marine  products  with  which  this 
rock  is  filled  are  generally  very  well  preserved, 
although  they  are  rarely  petrified,  and  the  greater 
part  of  them  have  lost  only  a  portion  of  their  animal 
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substance.  The  most  bulky  and  remarkable  are  th© 
bones  of  an  extraordinary  animal,  whose  skull  has 
been  found  entire.  The  lower  jaw  exhibits  fourteen 
teeth  on  each  side,  all  conforma\)le  in  construction 
to  the  teeth  of  monitors ;  but  the  monitors  have 
only  11  or  12;  the  crocodiles  have  1.5,  which- a 
"very  unequal ;  the  present  teeth  are  equal  or  nearl 
»o.  The  iguana's  teeth  are  considerably  mo 
•numerous.  In  those  teeth  there  are  large  and  pret 
regular  holes,  to  the  number  of  10  or  12.  There 
are  5  or  6  in  the  iguana's ;  from  G  to  7  i"  the 
monitor's  ;  in  the  crocodiles  there  tue  a  great  many 
small  and  irregular  ones ;  but  in  a  dolphin  there 
are  only  2  or  3  towards  the  end  of  the  jaw.  The 
vhole  composition  of  the  lower  jaw  bone,  in  tact, 
indicates  more  numerous  relations  with  the  monitor, 
than  with  any  other  of  the  saurian  tribe,  and  excludes 
the  cetaceay  which,  like  the  land  mammifera^  have 

*  each  side  of  the  lower  jaw  in  a  single  piece. 
The  teeth  in  tlie  palate  alone  prove  that  the  fossil 
head  did  not  belong  to  a  crocodile  or  a  cetaceous 
animal,  for  neither  of  these  animals  has  palatal  teeth. 
The  coronoid  process  of  the  tbssil  jaw  is  a  distinct 
bone,  corresponding  to  a  supplementary  bone  along 
side  of  it. 

Though  this  fossil  remain  approaches  more  to 
)  the  monitor  than  to  any  other  animal,  yet  it  has 
'  some  peculiarities.  ^ 

*  Tlie  crocodiles,  monitors,  safe-p^uards, and  di^agonP 
of  La  Ct'pcde,  have  palates  devoid  of  teeth.  The  igu- 

ianas,  the  anolis,  and  the  ordinary  lizards  participate 
with  several  serpents,  batrucians  (frog  tribe),  and 
fishes,  in  this  singular  armour  in  the  palate.    Accon 
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ing  to  Cuvier  the  head  of  this  fossil  animal  serves 
to  rank  it  between  the  monitors  and  the  iguanas. 
But  what  an  enormous  size  it  has  in  comparison  of 
any  of  the  monitors  and  iguanas  known  !  None  of 
these  living  animals  have  probably  a  head  longer 
than  5  or  (i  inches  ;  and  that  of  the  fossil  in  question 
is  nearly  4  feet!  In  zoology,  when  the  head,  and 
especially  the  teeth  and  jaw-bones  are  given,  nearly 
all  the  rest  may  be  inferred,  at  least  as  far  as  essen- 
tials are  concerned  :  hence  there  is  no  difficulty  in 
classing  the  vertebrae  when  tlie  head  is  once  ascer- 
tained.  The  fossil  seems  to  have  belonged  to  an 
aquatic  and  swimming  animal,  somewhat  like  the 
crocodiles,  using  its  tail  as  an  oar  from  right  to  left, 
but  not  from  above  downwards  like  the  cetacea. 
Several  of  its  vertebra?  have  been  found  and  de- 
scribed; particuhirly  atSicchem.  Tlie  spine  of  the 
animal  was  composed  of  133  vertebra?,  constituting 
a  length  of  21j  feet-  This  number  is  just  about 
double  of  what  the  crocodile  has,  namely  68  ;  but 
it  agrees  very  well  with  the  monitor's,  in  which  there 
may  be  counted  from  117  to  147. 

As  tlie  jaw-bone  was  4  feet  long,  the  animal  must 
have  had  a  total  length  of  about  26  feet,  and  its 
head  approached  to  one-sixth  of  the  whole,  a  pro- 
portion similar  to  that  of  the  crocodile,  but  very 
different  from  the  monitors,  whose  head  forms  hardly 
one-twentieth  of  their  length.  The  tail  is  ten  feet 
long,  somewhat  less  tlian  the  half  of  the  total  length. 
It  is  therefore  shorter  than  in  the  crocodile,  in  which 
animal  the  tail  exceeds  by  one-seventh  the  length 
of  the  rest  of  the  body,  and  it  is  much  shorter  than 
in  the  monitors,  whose  tail  is  one-half  longer  than  the 
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body  and  head  together.  The  extreme  shortness  of 
the  bodies  of  tlie  Maestricht  vertebrae  is  wliat  renders 
this  tail  so  short.  The  animal  must  have  been  very 
robust,  and  the  breadth  of  its  tail  must  have  formed 
a  very  powerful  oar,  enabling  it  to  work  its  way 
through  a  turbulent  ocean.  There  is  besides  no 
doubt  from  all  the  other  remains  which  accompany 
its  bones  in  tlie  quarries,  that  it  was  a  marine  ani- 
mal. All  the  ribs  that  have  been  found  are  round 
like  tliose  of  lizards,  and  not  flat  as  in  crocodiles, 

•*  Undoubtedly  it  will  appear  strange  to  some 
naturalists,  to  see  an  animal  surpass  so  much  in 
dimensions  the  genera  to  which  it  is  most  akin  in  the 
natural  order,  and  to  find  its  remains  mixed  with 
marine  productions,  whilst  no  other  saurian  (lizard) 
seems  now  to  live  in  salt  water ;  but  these  singu- 
larities are  very  inconsiderable  in  comparison  of  so 
many  otliers  presented  in  the  numerous  monuments 
of  the  natural  history  of  the  ancient  world*  We 
find  a  tapir  of  the  size  of  an  elephant,  and  the  mega- 
lonyx  of  the  sloth  tribe,  as  large  as  a  rhinoceros. 
What  is  there  astonishing  therefore  in  finding  in 
the  auiimal  of  iMaestricht  a  lizard  larger  than  a 
crocodile  ?  But  we  shall  soon  see  several  other 
lizards  of  far  greater  dimensions.*' 

It  is  pecidiarly  important  to  remark  the  admir* 
able  constancy  of  tlie  zoological  laws,  which  govern 
every  class  and  every  family.  "  Iliad  not  examined," 
says  Cuvicr,  "  either  thevertebne  or  the  limbs,  when 
I  was  occupieil  witli  the  teeth  and  tlie  jaws ;  and 
a  single  tooth  in  fact  announced  every  thing. 
When  once  the  genus  was  determined  by  means  of 
it,  all  the  rest  of  the  skeleton  fell  spontaneously 
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into  its  place,  without  trouble  or  hesitution,  on  my 
part.  I  cannot  too  much  insist  on  these  general 
laws,  or  die  bases  and  principles  of  the  methods, 
which  in  this  science  as  in  all  others,  possess  an 
interest  far  superior  to  that  of  any  individual  dii^ 
covery,  however  striking  it  may  be.  M,  Conyi^ 
beare  has  recently  proposed  for  this  fossil  animal 
of  Maestricht  the  name  of  Mosasaurus,  which  may 
be  adopted  till  a  generic  name  more  descriptive  of 
its  characters  be  found."* 

Another  stnmge  reptile  has  been  discovered  by 
M.  de  Soemmering  in  die  environs  of  Monheim, 
■wliich  he  calls  Lacerta  Gigantea,  and  which  M. 
Cuvicr  considers  as  a  new  subgenus  intermediate 
between  the  crocodiles  and  monitors.  He  styles  it 
Geosaurus,  The  bones  were  found  at  a  depdi  of 
10  feet,  a  few  yards  from  those  of  the  crocodile 
formerly  mentioned,  by  some  miners  employed  in 
digging  the  granular  iron  ore,  which  tills  the  Hs- 
810*68  of  the  beds  of  the  calcareous  schistus.  Enve- 
loped in  a  bank  still  more  marly,  and  softer  than 
where  the  crocodile  w;is  impasted,  these  bones  were 
not  so  well  preserved  ;  and  it  was  dilHcult  to  disen- 
gage certain  parts,  so  as  to  recognise  their  char- 
acters. Its  liead  was  only  about  one-fourth  the 
size  of  that  of  the  Maestricht  animal,  and  therefore 
the  term  gigantic  is  not  appropriate. 

The  Megalosaurus  is  a  very  great  species  of 
reptile,  nearly  akin  to  the  preceding,  discovered  in 
the  beds  of  oolite  of  Stonesfield  near  Oxford  by  the 
Rev.  Dr.  Buckland.     It  appears  allied  to  the  sau- 


*  Cuvier.     Ossemens  Fossilca,  Tocn.  V.  Part  II.  p.  337. 
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riana  aiid  crocodiles.  If  any  animal  deserve  the 
title  of  gigantic  it  is  the  present  species.  Its  thigh 
bone,  3*2  inchesloug,  would  of  itsell'indicatc,  accord- 
ing to  the  proportions  of  a  monitor,  a  total  lengtli 
of  more  than  iS  feet,  and  if  some  thigli  bones  be 
ibund  4f  feet  and  upwards,  as  has  been  asserted, 
its  length  would  be  still  more  prodigious.  But  its 
tail  was  probably  not  so  long  in  j)ro])oi*tion-  By 
comparing  it  to  tlie  crocotUle  construction,  it  would 
still  be  more  than  SO  feet  long. 

*'  A  philosopher  who  does  honour  to  geology  by 
precise  and  consistent  observations,  as  well  as  by 
the  steadiest  opposition  to  random  hypotheses.  Pro- 
fessor Buckland,  made  tiiis  discovery  several  years 
ago,  and  I  saw  tlie  fragments  of  the  fossil  at  his 
residence  in  Oxford  in  1818.  I  even  delineated 
some  of  tliem  there  ;  but  he  since  had  the  complai- 
sance to  send  me  the  memoir  wliich  he  is  about  to 
read  on  this  subject  to  the  Geological  Society  of 
London.  From  this  manuscript  I  derive  the  prin- 
cipal materials  of  the  present  article."* 

lliese  bones  were  discovered  at  Stonesfield,  in  a 
mineral  bed  to  be  afterwards  described. 

This  fossil  animal  certainly  surpassed  the  greatest 
crocodiles  that  are  known,  approaching  in  size  to  a 
small  whale.  From  the  incisor  form  of  its  teeth, 
tliere  is  no  doubt  tiiat  its  disposition  was  exceed- 
ingly voracious.  Every  thing  that  accompanies  its 
remains  in  tlie  quarries  where  it  lies  buried,  indi- 
cates its  marine  nature.  We  there  find  immense 
umnbers  of  nautili,  annnonites,   trigoniav    belem- 
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nitea,  some  teeth  of  sharks  and  other  fishes,  various 
bones  of  fish,  and  remains  of  one  or  two  .species 
of  crabs.  Among  these  innumerable  marine  fossils, 
there  are  always  some  long  bones  which  appear  to 
have  proceedetl  from  long-legged  birds  of  the  order 
Grillse,  and  even  two  fragments  of  jaw-bone  of 
clidelphus  or  opossum.  It  was  not  to  be  supposed 
that  so  enormous  an  animal  could  have  been  con- 
iined  to  a  single  locality,  and  acconlingly  fragments 
of  it  have  been  found  in  some  other  parts  of 
England. 

Mr.  Mantel!  of  Lewes  in  Sussex,  has  discovered 
megalosaurus'  bones  of  enormous  dimensions,  and 
amoiig  others,  fragments  of  thigli  bones,  the 
largest  of  which  is  22  inches  in  circumference, 
whence  Mr»  Mantell  concludes  that  its  length  must 
have  been  about  54  indies.  The  fragments  of  the 
bones  of  the  metacari)us  or  metatarsus  (bones  of 
the  instep)  are  so  large,  that  M.  Cuvier  woiilil  have 
taken  them  at  first  sight,  for  those  of  a  great  hippo- 
potamus. Along  witli  these  bones  of  inegalo- 
saurus,  Mr.  Mantell  found  bones  of  crocodiles, 
of  tortoises,  plesiosaurus,  cetaceous  fishes  and 
birds. 

These  Stonesficld  remains  are  found  in  a  bed  of 
calcareous  sandy  slate,  the  greatest  thickness  of 
which  does  not  exceed  6  I'eet,  and  whicii  lies  in  the 
upper  part  of  the  third  or  lowest  division  of  the 
oolitic  rocks ;  being  nearly  connected  with  the 
forest-marble,  and  interposed  between  the  super- 
stratum of  corubrash,  ami  substratum  of  the  great 
oolite  of  Bath,  Its  place  among  the  continental 
equivalent  formations,  is  between  the  central  and 
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lowest  strata  of  the  Jura  limestone.  In  working 
the  quapies  at  Stonesfield,  the  men  descend  by  ver- 
tical  shafts,  through  a  sohd  rock  of  cornbrash  and 
stratified  clay,  more  Uian  W3  feet  thick,  to  the  slaty 
stratum  containing  these  remains.  It  is  important 
to  notice  this  circumstance,  says  Professor  Buck* 
land,  because  it  has  been  supposed  by  many  persons 
who  have  never  visited  the  quarries,  that  the  remains 
are  lodged  either  in  fissures  and  ca\itiea,  or  in  a 
superficial  and  merely  local  deposit.  This  is  de- 
cidedly not  the  case.  They  are  absolutely  imbedded 
in  a  deeply  situated  regular  stratum  of  the  rock 
itself,  which  Ls  known  to  extend  across  England, 
from  Coley- Weston  near  Stamford  in  Lincolnshire, 
to  Hinton  near  Bath,  and  is  in  many  places  exten- 
sively quarried  ibr  coarse  oolitic  slate,  used  for 
covering  houses.  Many  of  these  quarries  abound 
in  marine  and  vegetable  remains  ;  but  the  megaJo- 
saurus,  opossum,  birds,  and  coleopterous  insects, 
have  as  yet  been  observed  in  it,-  only  at  Stones- 
fieKL 

The  mcgalosaurus  was  probably  an  amphibious 
animal.  To  judge  from  a  thigh  bone  of  another  of 
the  same  species,  discovered  in  the  ferruginous 
sandstone  of  Tilgate  forest  near  Cuckfield  in  Sus- 
sex, which  is  preserved  in  Mr.  Mantell*s  valuable 
collection,  the  animal  must  have  equalled  in  height 
our  greatest  elephants,  and  in  length  have  come  but 
little  short  of  the  largest  whales ;  but  as  the  longi- 
tudinal growth  of  animals  is  not  in  so  great  a  ratio 
as  their  height,  af^er  making  some  deductions.  Dr. 
Auckland  calculates  the  lengtli  of  this  reptile  from 
Cuf^kfield  at  frou)  sixty  to  seventy  feet! 
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The  teeth  of  tliis  animal  are 
lodged  in  distinct  alveoli  or 
sockets,  but  do  not  adhere  as 
in  the  monitors,  by  any  incor- 
poration of  the  root  or  sides, 
with  the  substance  of  the  jaw : 
the  young  teetli  arc  hollow  at 
the  base,  and,  as  usual  become 
filled  as  they  grow  older.  The 
new  teeth  are  formed  in  distinct 
cavities  by  the  side  of  the  old 
ones,  towards  the  interior  sur- 
face of  the  jaw,  and  probably 
expel  the  old  teeth  by  the  usual 
rocess  of  pressure  and  absorp- 
tion, and  insinuate   themselves 

tothe  cavities  thus  left  vacant  xooih  of  M^aio-™ 
he  teeth  arc  flattened  laterally,  and  recurved 
backwards,  being  serrated  on  the  posterior  edge 
along  the  whole  extent  of  their  enamel,  and  also  on 
the  anterior  edge  when  young.  This  edge  is  tluck- 
^,  and  like  the  back  of  a  knife,  is  more  solid,  than 
[the  posterior  or  cutting  edge.  The  figure  in  the 
argin  represents  a  tooth  of  the  natural  size. 
The  late  M.  Collini,  director  of  the  Cabinet  of 
e  Elector  Palatine  was  the  first  to  describe  a 
nus  of  Saurian  rej)tilcs,  characterised  by  tlic 
cessive  elongation  of  the  4th  toe  in  front,  to 
hich  aninnil  M.  Cuvier  has  given  the  name  of 
ierodactyle  (wing-toed).  It  was  found  in  one 
the  marly  stones,  foliated,  gray,  and  sonietinies 
ellowish,  of  Aichstedt,  which  abound  in  dendrites, 
ul  animal  petrifactions. 


"224    BOOK  II  .-CHAP.  IV.-SirPERMEDIAL  STRATA. 

It  is  hardly  possible  to  doubt,  says  M,  Cuvier,] 
that  tlie  long  toe  served  to  support  a  membrane, 
which  furnished  the  animal,  over  the  whole  length  oi 
the  tore  leg,  with  a  much  more  powerful  wing,  than 
that  of  the  dragon  (Draco  Volans.  Lin.),  and  at 
least  equal  in  strength  to  that  of  the  bat.  Thi» 
ancient  :uiinial  could  ily  with  a  vigour  proportional, 
to  its  muscular  power ;  and  then  it  could  make 
use  of  its  three  short  toes,  aimed  with  crooked 
claws,  to  suspend  itself  from  trees.  We  have  here  an 
animal  which  in  its  osteology,  from  the  teeth  ta^ 
the  extremity  of  its  claws,  presents  all  the  classic 
characters  of  the  saurians  or  lizards.  There  is  no 
reason  to  doubt  of  its  having  also  had  their  generic 
characters  in  its  integuments  and  soft  parts  ;  of  its 
having  their  scales,  organs  of  circulation,  genera- 
tion, &c.  But  it  was,  at  the  same  time,  provided 
with  the  means  of  flying ;  an  animal  which  in  a 
standing  posture  could  make  little  use  of  its  fore- 
legs, if  it  did  not  keep  tliem  always  folded  up,  a» 
birds  do  their  wings ;  which  could  liowever  also 
employ  its  small  fore-toes  for  hanging  itself  to 
branches  of  trees,  though  its  posture  of  repose  must 
have  been  usually  on  its  hind  feet,  just  like  that  of 
birds.  It  must  moreover  have  lield  its  neck  re- 
verted, as  birds  do,  to  prevent  its  enormous  long 
head  from  upsetting  its  equilibrium. 

From  these  data^  it  would  be  possible  to  figure 
it  in  the  living  state ;  but  the  picture  we  should 
form  would  be  most  extraordinary ;  and  would 
appear  to  those  who  had  not  minutely  followed  out 
its  anatomical  structure,  as  the  oflipring  of*  a  dis* 
tempered  imagination,  rather  tlian  a  natural  pro- 
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ductioii.     Something  very  like  it  may  occasionally 
be  seen  in  tlie  grotesque  paintings  of -the  Chinese, 

From  the  same  strata,  in  the  quarries  of  Win- 
dischhof,  haLf  a  league  from  Aichstedt,  a  small 
Pterodactylus  with  a  short  beak  has  been  extracted. 
These  are  incontcstably  the  most  extraordinary  of 
all  the  creatures  whose  ancient  existence  has  been 
revealed  in  the  bowels  oi'  the  earth ;  creatures 
which  were  they  seen  alive,  would  seem  most  alien 
from  the  system  of  animated  nature. 

Animals  analogous  to  the  frog,  the  toad,  the 
salamander,  those  naked  reptiles  subject  to  meta- 
morphoses, which  form  a  small  fdmily,  quite  insu- 
Jated  in  the  animal  kingdom  by  their  whole  organi- 
zation, existed  at  the  same  remote  period  in  the 

strata  disordered  by 


\ 


y^^* 


the  revolutions  of  the 
globe,  and  ahhough 
tliey  were  different 
in  species,  they  were 
subject  to  the  same 
laws  of  co-existence 
and  form  of  the  or- 
1  gans.  Only  a  few 
of  them  have  been 
found  in  the  fossil 
state,  and  in  few 
places.  Possibly  tliere 
are  none  absolutely 
certain  besides  those 
of  the  marvellous 
quarries  of  ^ningen. 
The  pretended  fossil 
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man  of  thase  quarries,  described  by  Scheuchzer, 
which  other  naturalists  regarded  as  a  siluT^s^  is 
accortiing  to  M.  Cuvier  merely  an  aquatic  sala- 
mander of  gigantic  size,  and  unknown  species. 
Scheuchzer  gave  an  abridged  account  of  this  ani- 
mal in  the  Philosopliical  Transactions,  for  IV'^S,  and 
made  it  also  the  subject  of  a  particular  dissertation, 
entitled  Homo  Dilutii  Testis^  The  Man  who  wit- 
nessed the  Deluge.  It  must  have  required  all  tJie 
blindjicss  of  the  spirit  of  system  to  make  such  a 
person  as  Scheuchzer,  a  physician  who  ought  to 
have  seen  human  skeletons,  deceive  himself  so 
grossly ;  for  tliis  fancy  of  his  cannot  sustain  the 
slightest  examination.  This  fossil  skeleton,  as  a 
little  further  cliiseled  out  of  its  rock  by  Cuvier,  is 
represented  in  our  figure,  p.  ^1^5.  Another  of  a  simi- 
lar animal,  described  by  John  Gesner  in  1758,  was 
a  silurus  glanis.  The  form  of  tlic  head,  tlie 
immense  orbital  lioles,  the  want  of  teeth  in  the  jaws, 
with  many  otiier  distinct  circumstances,  prove  that 
there  is  nothing  human  about  these  fossil  remains. 
They  are  precisely  like  skeletons  of  the  salaman- 
der species. 


THE  ICHTHYOSAURUS  AND  PLESI08AURUS,  TWO 
MONSTROUS  SEA  LIZARDS. 

Wc  are  now  come  to  tliose  among  the  reptile 
Wbc,  or  perhaps  among  all  fossil  aninuds,  wliich 
bear  the  least  resemblance  to  the  individuals  now 
known,  and  which  are  most  calculated  to  surprise, 
the  naturalist  bv  combinations  of  structure,  almost 
incredible  to  every  one  who  may  not  have  obser\'cd 
for  hiniself,  or  who  entertains  the  slightest  doubt 
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about  their  authenticity.     In  the  first  of  these  two 
genera,  we  s^e  a  muzzle  of  a  dolpliin,  teeth  of  a 
crocodile,  a  head  and  breast  of  a  lizard,  paws  of  a 
ceticeous    animal  or  paddlen  of  a  turtle,  four  in 
number,  and  iinalJy,   vertebrae  of  a  fish  j  in  the 
second,  with  the  same  turtle  paddles,  we  have  a 
lizard's  liead,  and  a  long  neck  like  the  body  of  a 
serj)ent :  these  sinnfularities  are  now  exhibited  to  us 
in  the  Ichthyosaurus  and  Plesiosaurus,  after  being 
buried  for  so  many  thousand  years,  under  an  enor- 
luous  mass  of  stones  and  marbles.     It  is  to  the 
more  ancient  secondary  strata  that  tliey  belong. 
None  of  them  arc  found  except  in  those  beds   of 
marly  stone  or  grayish  marble,  filled  with  pyrites 
and  ammonites,  or  in  the  oolites ;  all  mineral  for- 
mations of  the  same  order  as  the  Alpine  limestone. 
It  is  in  England  especially  that  their  remains  appear 
to  be  abundant ;  and  it  is  to  the  zeal  oitlie  English 
("geologists,  that  our  knowledge  of  tliem  is   due. 
"They  have  spared  no  pains  to  make  a  large  collec- 
tion of  their  relics,  and  to  join  them  togcflier  in  as 
!«ystematic  a  frame,  as  the  state  of  the  fragments 
["Would  permit.' 

Not^^^thstanding  the  anomalies  of  their  structure, 
[these  animals  approach  more  nearly  to  lizards  than 
'to  any  other  genus,  and  they  might  therefore  have 
("been  discussed  at  the  end  of  the  saurian  tribe.  But 
fCertain  anomalies,  and  the  doubts  which  they  had  at 
st  excited,  are  sufficient  reasons  for  placing  their 
[description  here,  in  order  to  bring  tliem  into  com- 
parison with  a  greater  variety  of  objects. 

•  This  merited  culogium  of  the  English  geologists  is  from  the  pen  of 
iTier. 
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OF  THE  ICHTHYOSAURUS- 


It  is  to  Sir  Everard  Home  that  the  scientific 
world  owes  its  first  acquaintance  with  a  character- 
istic specimen  of  this  extraordinary  genus.  He 
published  in  the  Phil.  Trans,  for  1814,  the  descrip- 
tion of  a  very  well  preserved  head,  and  some  other 
bones  deposited  in  Bullock's  Egyptian  Museum, 
Pali-Mall.  They  came  from  the  coast  of  Dorset- 
shire between  Lyme  and  Charmouth  ;  and  had  been 
extracted  from  a  rock  thirty  or  forty  feet  above  the 
level  of  the  sea. 

The  autlior  soon  perceived  that  the  shoulder  bone 
exhibited  some  relations  to  that  of  the  crocodile ; 
but  the  position  of  the  nostrils,  the  circle  of  bony 
pieces,  which  surrounds  the  sclerotic  coat  of  the 
eye,  appeared  to  him,  as  well  as  the  vertebra,  akin 
to  those  of  fishes ;  on  which  considerations  M. 
Koenig,  of  the  British  Museum,  invented  the  name 
Jchthyosaunis  (fish-hzard). 

Two  years  thereafter  (in  the  Transactions  for 
,816)  Sir  Everard  added  several  details  to  his  first 
notices.  Mr.  Johnston  of  Bristol,  who  was  for  manv 
years  occupied  in  collecting  fossils  from  the  cliffs  of 
Lyme,  supplied  some  fragments,  through  which 
Sir  Everard  was  enabled  to  determine  the  articula- 
Lon  of  the  ribs,  the  shoulder-blade,  and  the  whole 
of  the  fore  paddle,  which  he  then  compared  to  the 
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fin  of  a  sliark  ;  whence  he  concluded  with  greater 
probability  that  it  was  a  fish. 

But  after  other  two  years  (in  1818)  pieces  col- 
lected by  other  individuals,  to  which  Professor 
Buckland  directed  his  attention,  made  Sir  Everard 
acquainted  with  the  sternum,  the  clavicles,  and  the 
coracoid  bone,  as  well  as  the  relations  of  these  parts 
witii  tljcir  fellows  in  the  ornithorynchus,  which 
resemble  those  of  the  lizard  tribe.  Sir  E.  then 
abandoned  the  idea  that  it  could  be  a  fish.  In  the 
same  Memoir  he  announced  the  probable  existence 
of  more  than  one  species  of  this  genus. 

In  1819)  very  fine  fragments,  and  also  an  entire 
skeleton,  discovered  by  Mr.  Labeche  and  Colonel 
Birch  of  Lyme,  enabled  Sir  Everard  to  improve  his 
description  still  further,  and  to  satisfy  himself  com- 
pletely that  the  ichthyosaurus  had  four  feet.  But 
a  head  with  the  nostrils  Hlled  up,  misled  him  into 
the  belief  that  what  he  had  hitherto  taken  for  tliese 
apertures  was  the  effect  of  accident  alone.  In  the 
Philos.  Trans,  of  this  year  the  author  further  pro- 
posed tor  his  animal  the  term  proteosaurus,  from  the 
resemblance  of  the  concave  faces  of  the  fossil  ver- 
tebra?  with  those  of  the  proteus,  tlie  siren,  and  the 
axolotl. 

Lastly,  in  1820,  the  indefatigable  researches  of 
Colonel  Birch  furnished  Sir  Everard  witli  further 
materials  from  which  he  determined  the  composition 
of  the  vertebriB,  and  the  manner  in  which  the 
annular  part  was  articulated  with  the  body,  as  well 
a^  the  singular  structure  of  the  fins. 

This  excellent  series  of  Memoirs  and  Notices 
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secures  to  the  English  Baronet  the  sole  honour  of 
revealing  to  naturalists  the  extraordinary  genus 
under  consideration.  Messrs.  Conybeare  and  La- 
beche  have,  however,  added  several  interesting 
particulars,  and  extensive  details,  to  those  o(  the 
learned  anatomist. 

In  a  memoir  inserted  in  the  Geological  Transac- 
tions  for  1821,  these  two  gentlemen  published  their 
great  discovery  of  a  new  genus  of  tlie  same  tribe, 
but  more  akin  to  the  ordinary  saurians,  which  tliey 
called  pksiosaums.  They  also  described  the  com- 
position  of  the  lower  jaw  of  the  ichthyosaurus,  that 
of  the  muzzle,  and  a  great  portion  of  the  posterior 
and  inferior  faces  of  the  cranium.  They  showed 
that  the  ring  of  bony  pieces  at  the  sclerotic  is 
characteristic  of  a  lizard,  but  not  of  a  fish,  and 
entered  into  new  details  on  the  vertebrae  and  articu- 
lation of  the  ribs. 

A  second  Memoir  of  the  same  authors,  in  the 
Geological  Transactions  for  1S23,  at  the  same  time 
that  it  extended  the  description  of  the  plesiosanrus^ 
fixed  more  clearly  our  ideas  about  tlie  teeth  of  the 
ichthyosaurus^  expressed  tlistinctly  tlie  characters  gf 
its  species,  re-established  the  truth  with  regard  to 
the  position  of  its  nostrils,  and  marked  the  relations 
and  the  differences  of  structure  between  its  head 
and  that  of  hzards. 

It  was  now  possible,  with  materials  so  copious, 
and  presented  with  so  much  care  by  the  authors  of 
these  Memoirs,  to  compose  an  osteological  descrip- 
tion of  the  ichthyosaurus,  iis  complete  at  least  as 
that  of  any  other  extinct  animal.    M.  Cuvicr  could 
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have  joined  to  these,  several  drawings  and  frag- 
|iiieuts  which  had  been  sent  hira  by  the  friends  of 
^science.  It  remained  for  him  to  show  the  form  of 
jtlie  frontal  bone  and  its  accessories,  tlie  hole  of  the 

larietal  similar  to  that  of  lizards,  and  the  sphenoid 
^also  much  likcr  tliat  of  lizards,  than  it  had  appeared 
iin  the  remains  previously  analysed.  The  ichtliyo- 
saurus  is  peculiarly  abundant  in  England.  Its 
remains  are  deposited  from  the  new  red  sandstone 
iTip  to  tlie  green  sand,  immediately  below  the  chalk  ; 
thence  it  belongs  to  almost  every  epocha  of  the 
laecondarv  formations.  Fragments  of  it  are  in  fact 
tibimd  in  a  mail  associated  with  green  sand,  at  Ben- 
jsington;  in  the  Ctdcareous  sandstone  under  the 
LOolite  at  Marcham  j  immediately  under  the  ooUte, 

^t  Shotoverhill;  all  places  in  the  county  of  Oxford. 
[There  are  also  some  specimens  under  the  oolite  at 
Kimracridge  in  Dorsetshire. 

But  it  is  especially  the  lias  of  the  English  gcolo- 
ists,  that  bluish-gray,  marly,  and  pyritous  marble, 
■which  seems  to  have  been  its  sepidchre.  This  has 
Ifumished  innumerable  remains  of  it  in  the  counties 
jof  Dorset,  Somerset,  Gloucester,  and  Leicester; 
'and  principally  in  the  valley  of  the  Avon,  in  tlie 
county  of  Somerset  between  Bath  and  Bristol,  and 
jon  the  Dorsetshire  coast,  where  the  cliffs  between 
[Lyme  and  Charmouth  appear  to  be  inexhaustible 
quarries  of  ichtljyosaiu'us.  It  is  there  found  nearly 
|as  the  pala?otheriums  are  in  tlie  plaster  beds  of 
^Montmartre  ;  their  bones  being  surrounded  with  a 

{uantity  of  small  ammonites. 
Portions  of  it  are  also  found  in  the  same  stone- 
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bed,  much  further  to  the  north,  for  great  fragments 
have  been  obtained  from  Newcastle  in  Northumber- 
land. 

The  ichthyosaurus  bones  are  much  rarer  on  the 
continent  i  only  among  the  groups  of  crocodile 
bones  from  Honfleur,  some  of  its  vertebr©  may  be 
recognised.  A  few  others  have  been  detected  in 
France  and  Germany,  especially  from  the  neighbour- 
hood of  Altorf,  which  were  foolishly  mistaken  at  one 
time  for  human  vertebrae.  Very  lately  tliere  have 
been  discovered  a  skeleton  almost  entire,  and  several 
other  relics  of  ichthyosaurus  at  Boll  in  Wirtemberg, 
the  same  place  where  fossil  crocodiles  and  other 
organic  remains  were  found  in.  great  number, 
among  the  secondary  formations.  They  lie  in  a 
calcareous  schistus  analogous  to  that  of  Solenhoffen. 

The  teeth  of  ichthyosauri  are  conical,  and  their 
corona  (summit)  is  enamelled,  and  longitudinally 
striated  as  in  the  crocodiles. 

The  number  of  teeth  is  considerable.  Mr,  Cony* 
beare  counts  no  less  than  30  on  each  side  of  each 
jaw  J  and  Sir  E.  Home  shows  4.5  in  the  individual 
of  his  XV.  Plate,  Phil.  Trans.  1820.  Messrs.  Labeche 
and  Conybeare  have  found  sufficient  differences 
among  these  teeth  to  deduce  from  them  the  charac- 
ters of  four  distinct  species. 

The  teeth  of  the  ichthyosaurus  are  lodged  loosely 
in  a  long  continuous  furrow,  retained  only  as  it 
would  appear,  by  the  substance  of  the  gum.  This 
structure  is  widely  different  from  that  of  the  moni* 
tors,  and  ordinary  lacertse,  where  the  teeth  adhere 
to  the  jaw  by  a  solid  bony  union.     It  differs  much 
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less  from  that  of  the  crocodile  ;  the  only  variation 
being  that  the  alveoH  (wliich  in  the  crocodile  are 
separate)  here  run  together  into  one  long  continu- 
ous furrow  J  in  which,  indeed  the  rudiments  of  a 
separation  into  distinct  alveoli  may  be  traced^  in 
the  shght  ridges  extending  between  the  teeth  along 
the  sides  and  bottom  of  the  furrow.  The  appear- 
ance and  progress  of  the  new  tooth,  wliich  is  to 
replace  the  old  one,  is  very  nearly 

\'  the  same  in  the  ichthyosaurus  and 
crocodile.  In  the  latter  animal 
they  always  remain  hollow.  The 
new  tooth  first  appears  as  a  germ 
within  the  root  of  the  old  one, 

\'  whence  by  elongation,  it  rises  up 
into  its  cavity,  and  by  its  increase 
splits  the  old  tooth,  whose  frag- 
ments soon  fall  ofl'.  In  man  and 
most  mammalia  there  is  only  a 
single  change  of  teeth ;  but  in  the 
crocodile,  there  is  a  continual 
succession  of  fresh  teeth,  the  in- 
terior is  never  filled  up  with  bony 

^matter,  and  the  process  may  be  traced  in  all  its 
■stages  in  the  jaws  of  crocodiles  of  every  age.  In 
the  ichthyosaurus,  liowevcr,  the  interior  cavity  of 

['the  teeth  is  gradually  obliterated  in  old  age,  by 
the  ossification  of  the  pulpy  nucleus.  In  this  ani- 
mal, therefore,  the  succession  of  new  sets  of  teeth 
is  but  seldom  repeated,  and  perhaps  not  more  than 
once.     This  curious  teething  process  is  represented 

[in  the  figure  of  the  natural  size  on  the  margin. 
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Wliatis  most  stradi^iBlk 
head  is  the   enormous  mat  tf 
the  eye,  and  the  cirde  of  bom 
I  pieces    which    strengthoi  tk 
I  sclerotic  in  front.    These  picoei 
1  form,  as  is  known,  a  chaiKlff 
t  cuinnion  to  birds,  tortotaes»  aal 
I  lizards,  to  the  exclusion  of  cr» 
J  cudiles  and  fishes.     In  fact,  the 
,  I  sclerotic    of    tlie    crocodile  k 
'  I  simply  cartilaginous  ;  in  fisbes 
-  it  is  often  osseous  in  whole  or  in 
I  part,  but  in  them   it   is  ne^Tff 
^  furnished  ui  front  with  a  ring 
I  of    bony   pieces    as    in    bink. 
I  Tliis  marked  character,  which 
I  had  at  first,  nobody  knows  why, 
I  caused  this  animal  to  be  liken* 
J  ed  unto  fishes,  ought  ratlier  to 
I  have  associated  it  with  lizard& 
■»      The  number  of  the  vertebra? 
I  is  very  considerable.  Mr.  Cony-  - 
I  beare  reckons  between  80  and 
90of  them;  M.  Cuvicr possesses 
an  indi\idual  that  must  have. 
Iiad  [V),    Those  distinguishable 
in  the  fine  skeleton  of  Sir  Everard  Home,  amount 
to  7^  at  least.     As  much  jis  the  ichthyosaurus  re* 
sembles  lizards  by  the  osteology  of  its  head,  so  mucli 
does  it  «liffer  in  the  forms  of  its  vertebne  ;  and  in 
this  respect  it  aj)proaches  at  once  to  fishes  and 
cetacea,  as  Sir  Everard  luul  very  justly  remarked. 
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The  ribs  are  very  slender  for  so  great  an  animal, 

id  are  not  compressed,  but  rather  triangular.    The 

loulder  and  the  breast  bone  of  the  ichthyosaurus 

■e  disposed  essentially  as  in  the  lizards.     The  fin 

formed  by  a  series  of  small  bones,  comparable  to 

le  phalanges  ol'the  dolphin,  buf  still  more  numer- 

Ills  and  condensed.     All  these  bones,  upwards  of 

100  in  one  paddle,  are  flat,  and  tlieir  angles  are 

tesselated  like  a  pavement,  having  little  motion  on 

-each  otiier,  and  exhibiting  no  external  division  in 

le  living  animal. 

Thus  we  possess  the  skeleton  of  the  ichthyosau- 
rus in  all  its  parts,  and  excepting  the  <orm  of  its 
■scales  and  the  shades  of  its  colours,  nothing  liindcrs 
us  from  making  a  complete  representation  of  this 
animal. 

It  was  a  reptile  with  a  moderate  tail,  and  a  long 
pointed  muzzle  armed  with   sliarp  pointed  teeth. 
Two  eyes  of  enormous  magnitude  must  have  given 
its  head  a  most  extraordinary  aspect,  and  have  faci- 
litated its   vision   during   the  night.     There  was 
probably  no  external  ear,  and  the  skin  passed  over 
tliedrum  bone,  as  in  tlie  cameleon,  the  salamander, 
or  the  pipa,  without  even  becoming  any  tliinner. 
It  naturally  breathed  air,  and  not  water  like  fishes ; 
hence  it  was  often  obliged  to  come  to  the  surface* 
Nevertheless  its  short,  flat,  undivided  limbs  allowed 
It  merely  to  swim,  and  it  is  very  probable  that  it 
could  not  even  crawl  on  the  shore  as  well  as  the 
»eaU  do ;  but  tliat  ii^  it  had  the  misfortune  to  be 
'decked  there,  it  would  remain    motionless   like 
^'liales  and  dolphins,     it  lived  in  a  sea  inhabited 
at  the  same  time  by  moUusca,  wliich  have  lell 
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ammonites,  animals  to  all  appearance,  forming  spe- 
cies of  sepia  or  pulps,  which  contained  in  their  in* 
terior  (as  at  the  present  day  the  nautilus  spirula) 
those  spiral  and  singularly  chambered  shells. 
Terebratula  with  tlifferent  species  of  oysters  abound- 
ed also  in  this  sea,  and  several  sorts  of  crocodiles 
iJirquented  its  shores;  ijeten  they  did  not  i?ihabit  it\ 
conjointly  with  the  ichthyosauri,'' 

We  can  assign  with  precision,  at  least  in  the  spe» 
cies  with  a  slender  muzzle  (/.  tenuiroslris')  the  pro-! 
portions  of  its  parts.  In  a  total  length  of  three 
feet  and  a  half,  which  is  that  of  M.  Cuvier's  little* 
skeleton,  tlie  head  and  tail  take  up  each  one  foot, 
and  there  remains  a  foot  and  a  half  for  the  trunk,' 
at  the  two  extremities  of  whicli  are  the  fins  ;  (Qt\ 
one  can  scarcely  say  that  there  lias  been  a  neclci 
The  i'ore  fin  (counting  tlie  humerus  or  shoulder] 
bone)  was  seven  inches  and  a  half  long,  with  &{ 
breadtii  of  nearly  three  inches.  The  posterior  fin* 
was  a  little  less  both  in  length  and  breadth. 

The  great  head  of  the  /.  Communis^  possessed  byi 
M.  Cuvier,  must  have  had  a  length  of  at  least  ^  feet 
and  a  half;  hence  it  indicates  an  iuiUviduid  about  9 
feet  long.  A  skeleton  discovered  on  the  coast  ofj 
Dorsetshire  by  Miss  Maiy  Anning  has  however  been 
referred  to  tliis  species,  although  it  is  only  5  feet  long. 
In  reality,  among  reptiles,  the  size  may  vary  from- 
double  to  single,  without  the  teeth  denoting  the' 
age.  But  there  are  much  greater  ichthyosauri, 
particularly  in  the  species — platyodon  (broad 
toothed).     Miss  Anning,  it  is  said,  has  also  discov* 
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fired  a  skeleton  ^0  feet  long.  Mr.  Johnson  pos- 
sesses a  cranium  whose  breadth  behind  is  two  feet 
six  inches,  and  the  lon^jfitudinal  dianieter  fourteen 
inches ;  and  M.  Cuvier  lias  vertebra?  C  inches  in 
diameter,  which  compared  to  those  of  his  little 
skeleton  whose  diameter  is  only  one  inch,  may  have 
belonged  to  intlividuals  of  twenty-one  feet  Cuvier 
received  from  Dr.  Davis  of  Bath,  a  drawing  of  one 
of  these  vertebrae  found  in  oolite  near  that  city, 
which  is  nearly  7  inches  long.  And  he  has  himself 
fragments  of  rins  from  Newcastle  whicli  correspond 
to  individuals  of  a  very  great  size.  This  species  of 
ichthyosaurus  did  not  come  far  short  of  the  mosa- 
saurtis  of  M aestricht,  whose  length  has  been  calcu- 
iated  at  ^  feet. 

OF  THE   PLESIOSAUUUS.      , 


This  genus  is  also  entirely  English,  and  solely 
rdue  to  the  sagacity  of  Mr.  Conybeare.  Some  ver- 
tebra? mixed  with  those  of  the  crocodile  and  ichthy- 
:Osaurus,  in  the  lias  of  the  environs  of  Bristol, 
appeared  to  him  to  differ  from  those  of  both  ani- 
iinala-  A  considerable  portion  of  a  skeleton  in  the 
collection  of  Colonel  Birch,  confirmed  him  in  his 
ideas  about  the  species  from  which  these  relics 
|Came.  In  order  to  complete  his  arrangement,  he 
'added  some  bones  of  the  extremities  found  along 
with  these  vertebra?,  and  thus  he  was  enabled  to 
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publish  the  characters  of  the  new  animal  in  182lJ 
in  a  memoir  conjointly  with  Mr.  Labecbe,  inserted] 
in  the  fifth  volume  of  the  Geological  TransacUi 
The  head  meanwhile   was   wanting ;    but   havii 
continued     his   researches    in    concert    with    Mr.l 
Labeche,  and  profiting  always  by  the  acquisitioi 
,«f  Colonel  Birch,  in  the  following  year  Mr.  Cony- 
beare  found  himself  qualified  to  describe  a  tolerably] 
entire  head,  though  slightly  crushed,  and  a  largej 
under  jaw  bone  which  he  was  inclined  to  refer  toj 
that  species.    To  this  he  annexed  figures  of  several 
bones  (Geol.  Trans.  Vol.  I.  second  series).     In  the^ 
same  year  (18^4-)   in  the  month   of  January,   an 
almost  entire  skeleton  found  at  Lyme  Regis,  camaj 
forward  to  confirm  or  rectify  his  conjectures  on  thi 
parts  he  had  previously  examined.     But  he   now< 
learned  an  entirely  new  peculiarity,  wliich  could' 
not  have  been  anticipated, — that  the  neck  of  this 
animal  was  of  a  most  disproportionate  length,  and 
composed  of  many  more  vertebrfie  than  are  seen  in 
the  longest  necked  birds,  even  in  the  swan,  which 
surpasses  in  this  respect  every  other  animal.     Tliis 
astonishing  relic   was  purchased  by   the  Duke  ol 
Buckingham,   and  placed  at  the  disposal   of  the* 
Geological  Society.     This  inhabitant  of  the  ancient 
world  appears  the  most  hetcroclite,  or  equivocal ; 
— the  one  above  all  others  deserving  the  name  of 
monster.     The  name  Plesiosaurus^  assigned  by  Mr. 
Conybeare,   signifies   akin   to  lizards,    because  he 
conceived  it  to  be  liker  the  animals  of  this  genus 
than  the  ichthyosaurus. 

In  consequence  of  these  memoirs  of  Mr.  Cony- 
beare, M.  Cuvier  examined  anew  several  vcrtebrff 
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id  some  other  bones  from  Honflcur,  to  which  he 

lad  previously  directed  his  attention,  and  he  was 

jonvinced  that  they  were  rehcs  of  the  plesiosaurus. 

exxce  it  is  not  to  be  doubted  that  this  animal  is 

►and  also  in  the  beds  on  the  French  side  of  the 

channel,  and  that  it  is  there  accompanied  as  in 

Ingland   by    the  ichthyosaunis  and  crocodiles  of 

[different  kinds.     He  has  also  procured  some  from 

jtlie  interior  of  France,  from  the  neighbourhood  of 

[Auxonne,  department  of  the  Cote  d'Or.     Several 

likewise  exist  in  England  at  a  distance  from  Lyme, 

[for  M.  Brogniart  obtained  fragments  at  Newcastle 

on  the  Tyne. 

Tlie  superb  relic  of  Lyme  is  composed  of  several 
blocks  wliich  fit  well  to  one  another.  The  animal 
is  lying  on  its  belly,  and  its  length,  in  the  state  in 
which  we  sec  it,  is  9  icet  (i  inches,  from  the  tip  of 
[tlie  muzzle  to  the  end  of  the  tail.  The  head  is  a 
LtUe  advanced  before  tlie  rest  vnth  six  vertebrtp 
attached  to  it  in  a  continuous  series ;  next  come 
four  vertebne  a  little  disjilaced  ;  but  the  series  is 
again  resumed,  and  presents  18  vertebra?  in  their 
JDatural  order.  Ailer  this,  IQ  are  seen  more  or  less 
deranged,  some  of  which  may  possibly  belong  to  tlie 
back.  The  six  following  nre  nearly  in  their  places, 
concealing  the  humero-stemal  apparatus  imder 
them  J  next  are  two  crosswise,  and  aftei-wards  three 
thrown  considerably  from  their  natural  position. 
The  remainder  of  the  vertebne  of  the  back,  to  the 
basin  (pelvis),  eleven  in  number,  are  well  arranged 
in  the  series,  but  altogether  out  of  the  direction  of 
the  spine,  and  tin-own  to  the  left  side,  pennitting 
the  arrangement  of  the  abdominal  ribs  to  be  seen. 


1W0  »ooK  iu-ciur.  nr. 


wwm.    BdHidthe 

be  rowf  cd  fiormti^  die  tad,  atk 

csccfi  tbe  nth  and  tJK  aevoA^  s 

is  •  0rcat  ncatBTB  with  tfaoritde 

There  ate  pffct^  entire  refio  of  die 

flolcrior  one  erf*  the  nght  side,  and 

the  left  ade,  are  at  ooaplete 

&r  dcacriptkn.    Thoie  vertebi 

kd  lo  the  Tccognitian  of  the  pli 

dMngitiahed  by  two  small  oval  fnacti  (i 

whkrfa  tltey  all  have  at  their  lower  five*  mm 

mtr&ce  of  their  bod?  slightly,  if  at  aD 

while  the  naiddle  part  is  even  a  little  coorvx. 

The  forms  of  the  verlebnrif 
the  plesiosaunis,  howe\*^ 
they  may  he,  and 
the  length  of  their  axis* 
Uonablv  resemble  those  of 
diles,  and  especially  certain  fomi 
crocpdiles,  such  as  that  of  CaOi 
and  the  second  of  Honileur,  mucii 
more  than  they  do  those  of  tht 
ichtliyosaurus,  or  even  lizanh. 
Mr.  Conybeare  was  therrfoce 
right  in  considering  tlie  plesio- 
siiuruK  as  approaching  in  several 
respects  to  crocodiles,  at  tlie  same 
time,  that  by  its  limbs  it  was  nearlv 
akin  to  tlie  ichthyosaurus, 
v«i^..o».n-.c«an«.  As  to  the  number  of  vertebnp. 
aSTATtSpl^Mr.  Conybeare  had  calculated 
from  Ins  hrst  researches,  that  there 
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might  be  in  the  neck  and  back  altogether  46, 
which  far  exceeds  that  of  all  the  saurians  known  ; 
even  the  ichtliyosaurus.  The  skeleton  of  Lyi^ie, 
however,  exhibits  obviously  in  their  place,  thirty- 
five  cervical  vertebrse,  bearing  only  Uttle  ribs 
jointed  by  two  tubercles,  and  terminated  in  the 
ibrm  of  a  hatchet,  somewhat  like  the  small  ribs  of 
V  the  crocodile ;  then  appear  six  whose  little  ribs 
k«re  elongated,  assuming  by  {legrees  the  form  of 
^dorsal  ribs.  The  vertebra?  of  the  back  and  the 
loins  are  somewhat  in  disorder,  so  that  one  cannot 
say  precisely  whether  their  number  be  complete. 
Twenty-one  have  been  counted.  There  are  after- 
wards twenty-three  caudal  vertebra?  (of  the  tail), 
and  three  seem  wanting  at  the  end,  which  would 
raise  their  number  to  twenty-six.  Thus,  there  are 
88  vertebrjE,  to  which  Mr.  Conybeare  adds  two 
sacral  vertebra*,  making  90  in  whole.  At  the 
beginning  ot^  this  series  of  vertebrae,  there  is  in  the 
skeleton  a  head  so  small,  that  taking  it  for  unity, 
the  neck  has  five  times  its  length,  the  trunk  four 
times,  and  tlie  tail  three.  Hence  the  head  would 
constitute  only  a  thirteenth  of  the  whole  length. 
^^  It  is  therefore  quite  certain  that  the  plesiosaurus 
in  the  living  state  must  have  presented  a  true  ser- 
pent neck,  borne  on  a  trunk  whose  proportions 
differed  little  from  those  of  an  ordinary  quadruped. 
The  tail  especially  by  its  shortness,  could  scarcely 
remind  one  of  a  reptile,  and  hence  this  animal  nuist 
have  displayed  a  form  so  much  the  more  singular, 
as  its  extremities  like  those  of  the  iciithyosaurus, 
fWere  genuine  fins  similar  to  those  of  cetaceous 
fishes. 
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Tho  basin,  also,  is  in  a  great  measure  exposed 
view,     Beliiad  the  basin,  twenty-five  vertebric  ma] 
be  counted  forming  the  tail,  all  nearly  in  a  liucij 
except  the  sixtli  and  the  scventli,  and  still  tumi*ihe« 
lin  a  great  measure  with  their  little  bones  en  chetron* 
There  are  pretty  entire  relics  of  the  four  limbs  j  the 
anterior  one  of  the  right  side,  and  the  posterior  of] 
the  lell  side,  tu^e  as  complete  as  could  be  desired 
[^or  description.     Those  vertebrae  which  originally 
led  to  the  recognition  of  the  plesiosaurus,  are  easily 
distinguLshed  by  two  small  oval  fossets  (dimples) 
which  they  all  have  at  their  lower  face,  and  by  tliei 
«urface  of  tJicir  body  slightly,  if  at  all  concave^ 
while  the  middle  part  is  even  a  little  convex. 

The  forms  of  tlie  vertebnr 
the  plesiosaurus,  however  peculiar 
tliey  may  be,  and  notwithstandiiig 
the  length  of  their  axis,  unques- 
tionably resemble  those  of  ci 
diles,  and  especially  certain  fc 
crocpdiles,  such  as  that  of 
and  tlie  second  of  Honfleur,  mu< 
more  than  tliey  do  those  of  tl 
ichthyosaurus,    or    even   lizar( 
Mr.     Conybeare    was    therefore] 
right  in    considering   the  plcsio>* 
saurus  as  approaching  in  scvcn^i 
respects  to  crocodiles,  at  tlie  samej 
time,  that  by  its  limbs  it  was  nearly 
akin  to  the  ichthyosaurus. 
vat.N-c^.h.r.«*o«an«.     As  to  thc  numbcr  of  vertebne, 
:KSSf;sr;ri';K!l?a!Mr.   Conybeare    had    calculated 
tmnititt  oT  lu  budy.  froui  his  hrst  researches,  that  there 
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\  be   in  the  neck  and  back   altogetlier   46, 

which  tar  exceeds  that  of  all  tJie  saurians  kno\yn  ; 

^^even  the  ichthyosaurus.     The  Nkeleton  of  Lyme, 

lowever,  exhibits  obviously  in  their  place,  thirty- 

ive   cervical    vertebra*,    bearing    only   little   ribs 

jointed  by  two  tubercles,   and  terminated  in  the 

form  of  a  hatchet,  somewhat  like  the  small  ribs  of 

:he  crocodile ;  then  appear  six   whose  little   ribs 

'are  elongated,  assuming  by  degrees  the  form  of 

dorsal  ribs.     The  vertebra?  of  the  back   and   the 

loins  are  somewhat  in  disorder,  so  that  one  cannot 

say  precisely  whether  their  number  be  complete. 

Twenty-one  have  been  counted.     There  are  after- 

pwards  twenty-three  caudal  vcrtebrie  (of  the  tail), 

jiaud  three  seem  wanting  at  the  end,  whicli  would 

•aise  their  number  to  twentv-six.     Thus,  there  are 

fits  vertebra?,  to  which    Mr.  Conybeare   adds  two 

sacral   vertebra?,    making   \}0   in   wiiole.      At    the 

leginning  of  this  series  of  vertebra?,  there  is  in  the 

tkeleton  a  head  so  small,  that  taking  it  for  unity, 

^ihe  neck  has  five  times  its  length,  the  trunk  four 

imes,  and  tlie  tail  three.     Hence  the  head  would 

lonstitute  only  a  thirteenth  of  the  whole  length. 

It  is  therefore  quite  certain  that  the  plesiosaurus 

in  the  living  state  must  have  presented  a  true  ser- 

►ent  neck,   borne  on  a   trunk  whose   proportions 

liffered  little  from  those  of  an  ordinary  quadruped. 

*he  tail  especially  by  its  shortness,  could  scarcely 

remind  one  of  a  reptile,  and  hence  this  animal  must 

have  displayed  a  form  so  nuich  the  more  singular, 

tas  its  extremities  like  those  of  the  ichthyosaurus, 

were   genuine  fins   similar  to   those  of  cetaceous 

ishes. 

u 
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t-Tlic  basin,  also,  is  in  a  great  measure  exposed  lo 
view.  Behind  the  basin,  twenty-five  vertebrae  may 
be  counted  forming;  the  tail,  all  nearly  in  a  line, 
except  the  sixth  and  the  seventh,  and  still  furnished 
in  a  great  measure  with  their  little  bones  en  cheiron. 
|,There  arc  j)rettj^  entire  relics  of  the  four  limbs  ;  the 
^anterior  one  of  the  right  side,  and  the  posterior  of 
tlie  left  side,  aie  as  complete  as  could  be  desired 
for  description.  Those  vertebra;  which  originally 
led  to  tlie  recognition  of  the  plesiosaunis,  are  easily 
distinguished  by  two  small  oval  fossets  (dimples) 
which  they  all  have  at  their  lower  face,  and  by  tlie 
^curface  of  tlieir  body  slightly,  if  at  all  concave, 
, while  tJie  middle  part  is  even  a  little  convex. 

The  forms  of  the  vcrtebnp  of 
the  plesiosaurus,  however  peculiar 
tJiey  may  be,  and  notuithstanding 
the  length  of  their  axis,  unques- 
tionably resemble  those  of  ci 
diles,  and  especially  certain  foi 
crocpdiles,  such  as  that  of  Caei 
and  the  second  of  Honfleur,  inu< 
more  than  they  do  those  of  U 
ichthyosauras,    or    even   lizart 
Mr.     Conybeare    was    therel'oi 
right  in   considering   the  plesii 
saums  as  approaching  in  sei 
respects  to  crocodiles,  at  tlie  same] 
time,  that  by  its  limbs  it  was  nearly' 
akin  to  the  ichtliyosaurus. 
v«t^c.th.n«^un«.     As  to  tlie  number  of  vertebra^ 
;j:^£r."tr''e>,SvJi!Mr.   Conybeare    had    calculated 

nu.     It  u  cnncAvt  M  bolb  ex-  „  *   .      f>  ■  «  i 

tr«D>t»«  of  tu  body  from  Ins  nrst  researches,  uiat  tiiere 
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might  be  in  the  neck  and  back  altogether  46, 
wliich  far  exceeds  tliat  of  all  the  saurians  known  ; 
even  the  ichthyosaurus.  The  skeleton  of  L^me, 
however,  exhibits  obviously  in  their  phice,  thirty- 
ive  cervical  vertebrae,  bearing  only  little  ribs 
jointed  by  two  tubercles,  and  terminated  in  tlie 
■form  of  a  hatchet,  somewhat  like  the  small  ribs  of 
"the  crocodile;  then  appear  six  whose  little  ribs 
are  elongated,  assuming  by  degrees  the  form  of 
dorsal  ribs.  The  vertebra?  of  the  back  and  the 
loins  are  somewhat  in  disorder,  so  that  one  cannot 

fsay  precisely  whether  their  number  be  complete. 
Twenty-one  have  been  counted.  There  are  after- 
wards twenty-three  caudal  vertebae  (of  the  tail), 
and  three  seem  wanting  at  the  end,  which  would 
raise  their  number  to  twenty-six.  Thus,  there  are 
t8  vertebra%  to  which  Mr.  Conybeare  adds  two 
tcral  vertebra*,  making  f)0  in  whole-  At  the 
>eginnii}g  of  this  series  of  vertebrte,  there  is  in  the 
ikelcton  a  head  so  small,  that  taking  it  for  unity, 
:he  neck  has  five  times  its  lengtli,  the  tnmk  tour 
iraes,  and  the  tail  three.  Hence  the  head  would 
ronstitute  only  a  thirteenth  of  the  whole  length. 

It  is  therefore  quite  certain  that  the  plesiosaurus 
in   the  living  state  must  have  presented  a  true  ser- 
pent neck,   borne  on  a   trunk  whose   proportions 
differed  little  from  those  of  au  ordinary  cpiadruped. 
*he  tail  especially  by  its  shortness,  could  scarcely 
:mind  one  of  a  reptile,  and  hence  tliis  animal  must 
lave  displayed  a  form  so  much  the  more  singular, 
its  extremities  like  lliose  of  the  ichthyosaurus, 
'ere   genuine  fins   similar  to   those  of 
(hes. 


»f  cetaceous      *  ^^H 
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parts  of  its  course,  but  more  particularly  in  the 
country  around  Tilgatc  and  St.  Leonard's  forests, 
the  sandstone  contains  the  remains  of  saurian  ani- 
mals, turtles,  birds,  fishes,  shells,  and  vegetables. 
Of  the  saurians,  three  if  not  four  species  belonging 
to  as  many  genera  are  known  to  occur ;  viz.  the 
crocodile,  megalosaurus,  plesiosaurus,  and  the  igv- 
anodon^  the  animal  whose  teeth  form  the  subject  of 
Mr,  Mantell's  paper. 

The  teeth  of  the  crocodile,  megalosaurus,  and 
plesiosaurus,  differ  so  materially  from  each  other, 
and  from  those  of  the  other  lacertii',  as  to  be  iden- 
tified without  difficulty;  but  in  the  summer  of  18ii2, 
others  were  discovered  in  the  same  strata,  which 
although  evidently  referable  to  some  herbivorous 
reptile,  possessed  characters  so  remarkable,  that  the 
most  superficial  observer  would  have  been  struck 
with  their  appearance,  as  indicating  something  novel 
and  interesting. 

Mr.  Mantell  compared  these  singular  teeth  with 
those  of  the  recent  lacerta?  in  the 
Museum  of  the  Royal  College  of 
Surgeons.  The  result  of  this  ex-  ■ 
amination  proved  highly  satisfac- 
|tory,  for  in  an  iguana,  teeth  were 
discovered  possessing  the  form  and 
structure  of  the  fossil  specimens. 
The  tooth  figured  in  the  margin 
represents  the  outer  surface  of  one 
of  the  liu'gest  and  most  perfect 
specimens  of  the  teeth  of  the  igua^, 
nodon.  Here  we  see,  the  surface 
of  the  tooth    worn    down    obUqucly   by  mastica 
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tion  ;  its  serrated  edges  ;  the  fang  broken,  and 
the  hollow  filled  with  sandstone*,  and  the  cavity  or 
depression  in  the  base  of  the  fang,  the  eflect  of 
absorption  caused  by  the  pressure  of  a  secondary 
tooth.  The  figure  is  of  full  size- 
Like  the  teeth  of  the  recent  iguana,  the  crown 
of  this  tooth  is  acuminated  ;  the  edges  are  strongly 
serrated  or  dentated  ;  the  outer  surface  is  ridged, 
and  the  inner  smooth  and  convex.  The  teeth 
appear  to  have  been  hollow  in  the  young  animals, 
and  to  have  become  solid  in  the  adult. 
'  If  any  inference  may  be  drawn  from  the  nature 
of  the  fossils,  with  which  the  remains  of  the  igua- 
nodon  are  associated,  we  may  conclude  that  if 
amphibious,  it  was  not  of  marine  origin,  but  inha- 
bited rivers  or  fresh-water  lakes.     If  the  fossil  and 

jrecent  animal  bore  the  same  relative  magnitudes,  as 
their    teeth,    the    one    figured   above    must   liave 

[telonged  to  an  individual  upwards  of  60  feet  long ; 

|,a  conclusion  concerning  the  iguanodon  in  perfect 
iccordance  with  tliat  deduced  by  Professor  Buck- 

fland  from  a  femur  (thigh  bone)  and  other  bones  in 

'Mr.  Mantell's  possession.     Some  further  remarks 

lOn  this  great  reptile  will  be  found  in  Book  III, 

fChap.  iii.  section  ^. 

From   Mr.   Mantell's  researches  there  is  every 
;ason   to  believe  that  the  iguanodon  had  a  very 
remarkable  appendage  to  its  head,  a  horn,  equal  in 

[gize  to  the  lesser  horn  oi'  the  rhinoceros,  and  not 

[very  different  in  form.  The  rehc  which  he  found 
►f  this  appendage,  is  externally  of  a  dark  brown 
!olour ;  some  parts  of  the  surface  being  smooth, 

while  others  are  rough  and  furrowed,  as  if  by  the 
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ofbkiodvaKls.    it 
structure  vitfaout  mtemal   cavity  ;   but  does 
teetn  to  have  been  united  to  tbe  sknll  by  « 
tnttooy  as  the  horns  of  the  mamnBifa  are. 
living  iguanas^  tlie  homed  species  are  most  abui 
The  iguana  cvmuta^  a  native  of  St.  Domi 
resembles  the  cormnon  iguana  in  size,  ookniTf 
general  proportions.     On  tbe  front  of  tbe 
between  the  eyes  and  nostrils,  are  seated  four 
large,  scaly  tubercles  ;  behind  which  rises  an 
conical  horn  or  process  covered  by  a  ungie 
That  tlie  fossil  horn  of  Mr.  Mantell  wsls  such 
appendage,  there  can  be  no  doubt,      its  suriai 
bears  marks  of  the  impression  of  an  int^ument 
which  it  was  covered,  and  probably  attached  to  thi 
skull. — See  ManteWs  Geology  oJ'Susscj:* 

We  cannot  help  admitting  for  the  future,  amoogj 
onr  best  established  truths,  that  vast  multitudes  of] 
reptiles  of  mar\'cllous  magnitude  and  variety  inh»i 
bitcd  the  seas,  or  covered  the  surface  of  the  globej 
at  tbe  ancient  epoch,  in  which  were  deposited  the 
strata  commonly  denoted  in    France   by   tiie  too 
indefinite  terra  of  Jura  ibnnatiou  ;  living  in  a  wide 
waste  of  waters  and  marshes,  where  they  died  and 
were    buried    aloof    from    mammiierous   animals,  m 
Time  will  possibly  complete  our  knowlcilge  of  maiiy  " 
beings,  whose  ancient  existence  is  interreii  from  a 
lew  bony  relics ;  and  from  the  ardour  with  which 
these  researches  arc  now  cultivated  on  every  sidcg  fl 
that  time  is  probably  not  far  distant-     "  1  doubt  ™ 
not,'*  says  M.  Cuvier,  "  that  in  proportion  as  the 
discoveries  already  made  become  more  perfect,  new 
discoveries  will  be  multiplied,  and  in  a  few  years 
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perliaps,  I  may  have  to  acknowledge  that  the  work 
just  now  finishetl,  to  which  I  have  devoted  so  mucli 
labour,  may  appear  but  a  superficial  sketch,  an 
opening  glimpse,  of  the  immense  creations  of  the 
primeval  world."*  This  modest  conclusion  of  the 
illustrious  naturalist  of  France  is  almost  the  only 
one  of  his,  from  which  the  leanied  world  will  witlihold 
their  assent.  In  zoological  and  anatomical  know- 
ledge, in  acuteness  of  discrimination,  sagacity  of 
comparison,  soundness  of  inference,  and  above  all, 
in  general  enlargement  of  thought,  his  talents  and 
genius  have  secured  to  the  Ossemens  Fossiles,  a 
noble  and  enduring  station  among  the  trophies  of 
science. 

$  V.  IKFERIOR  MEMBERS  OF  THE  THIRD  OR  LOWER 
SYSTEM  OF  OOLITES. 

The  neighbourhood  of  Bath  affords  the  best  type 
of  the  arrangement  of  this  part  of  the  mineral  series. 
In  this  district  the  separate  beds  appear  most 
strongly  characterised,  and  most  distinctly  divided. 
We  shall  study  them,  as  usual,  in  their  ascending 
order ;  beginning  with  the  lowest. 

The  following  section  of  Down  Cliff  bptween  Seaion  and  Thorn- 
combe  two  miles  west  of  Britlport  liarbour,  will  (jive  an  idea  of 
thifl  hed,  from  above  downwards. 


1.  Inferior  oolite  nnd  fund  ahemating,  the  sand  at  the 
surface  passing  into  marl,  about 

2.  Sandy  marl,  ..... 

3.  Rusty  Hand  with  ferro-argillnceous  coneretionB,  whonc 
cavities  are  tilled  with  eand,  .... 

4w  Greeni«h-b1ue  jnicac«ons  sandy  marl,  containing 
indorated  concretions  of  similar  constitution, 


•  Cuvier— Ossemens  Fossilcs.     Tome  V.  Partie  11.  p.  i87 
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This  stratum  passes  into  the  lias  marl  of  the  inie- 
rior  strata.  Immediately  on  the  eiist  of  Burton  cliff 
(about  S  miles  east  of  Bridport  liarbonr),  the  fuller's 
earth  may  be  seen  resting*  on  the  preceding  beds. 

This  lower  system  of  oolites  is  generally  covered 
by  a  thick  bed  or  series  of  beds  of  calcareo-argilla- 
ceous  formation.  Tliese  usually  carry  one  or  more 
indurated  rocky  strata,  besides  frequent  courses  of 
a  sort  rubbly  stone,  iji  which  tlie  calcareous  matter 
predominates.  Here  is  found  tlie  fuller's  earth, 
sometimes,  as  in  the  neighbourhood  of  Bath,  in 
scams  8  feet  thick.  The  inferior  oolite  is  distin- 
guishable from  the  great  oolite  by  the  larger  j)ro- 
portion  of  brown  oxide  of  iron  disseminated  through 
its  mass.  This  sometimes  occurs  in  minute  globu- 
lar particles,  occupying  the  same  situation  with  the 
egg-shaped  particles  of  tlie  superior  oolite.  The 
iron  gives  a  brownish  tinge,  pavssing  into  blue  or 
gray.  Tlie  texture  is  mostly  too  coarse  for  any 
other  purpose  tlian  making  roads  j  being  rarely 
fine  enough  for  architectural  uses.  It  may  be  well 
distinguished  by  its  fo.ssils. 

In  the  midland  counties,  calcareous  matter  is  less 
abundant  in  tlicse  beds.  A  ferruginous  sand  or 
sandstone,  containing  a  very  small  proportion  ot 
lime,  predominates.  In  Oxibrdsliire  the  series 
below  the  fuller's  earth,  appears  to  be;  1.  Sand 
and  sandstone  witli  a  slight  calcareous  mixture, 
highly  ferruginous,  and  frequently  so  micaceous, 
as  to  exhibit  large  scales  of  mica.  Few  fossils, 
except  some  belemnitCvS,  occur  ;  but  towards  the 
bottom,  white  peaj'ly  shells  of  numerous  plicated 
terebralula",  are  scattered  through  the  daik  groimd. 
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Ammonites,  belemnites,  ami  gigantic  limas  are 
also  to  be  seen.  The  whole  of  this  sandstone  series 
is  generally  separated  from  the  great  oolite  by  a 
thick  clay,  equivalent  to  tliat  of  the  fidler's  earth. 

Q,  Marl  and  marl  sandstone  corresponding  to 
No.  4-  of  the  Down  clift'  section,  given  above.  This 
marl  is  sandy,  gritty,  micaceous,  and  of  a  green 
colour,  from  a  copious  admixture  of  sUghtly  oxidised 
iron.  Its  calcareo-siliceous  grit  contains  ciists  of 
» several  shells,  but  their  substance  is  commonly 
gone.  The  terebratulaa  of  the  lower  beds  are  want- 
ing. These  beds  are  occasionally  quarried  for  flag- 
stones or  cisterns. 

Thus  the  lowest  beds  of  this  series  consist  gener- 
ally of  a  green  sandy  marl,  containing  similarconcre- 

■  lions  and  rock  masses.     They  form  a  gradual  ti'ansi- 

^tion  into  the  lias  marls. 

B      The  organic  remains  of  vertebral  animals  are  very 

y  rare  in  all  these  beds.     Fragments  of  the  claws  of 
marine  Crustacea  occur  in   the   inferior   ooHte   at 

IDundry,  and  in  the  marly  sandstone  in  the  north  of 
Oxl'ordshire.  In  the  inferior  ooUte,  among  the 
testaceous  remauis,  are  abumlant  casts  of  ribbed  and 
studded  Trigonian ;  immediately  over  which  is  a 
hard  and  compact  coral  bud,  containing  large  speci- 
mens of  Aladrepora  cinerescens.  In  the  superior 
bed,  the  fossils  are  very  numerous  indeed. 
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Fulier'i  earth, 

Aromonites. 
ModialarU. 
NautilitcA. 


Inferior  uolile, 
A.  discus  and  other  18 

speeies. 
N.  3  species. 


Mnrltf  mindftunf. 
A.  3  tfpecies. 


Nautiliifl. 
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Belemuitea. 


8^r|)u1a  triquetra. 


EQUIVALVED  BIVALVES. 


jTrigouui  clavellfcta, 

It 

Trigojji^  4  sp. 

Marly  Saiuttlims. 

Cucullojo, 

Nutiiila, 

Cardita  ^  ap. 

i' 

Card) la  4  «p. 

Lutraiia  gibbosa. 
I 

Latrona  3  ftp. 
Aslarte  4  ap. 

m 

biii«^ 

Uuio  Listen. 
Mya  2  sp. 

Vmo.              ^^ 

tUMllASu^  Allfi  ll  IIA. 

Fistulima  anipollGu 
Mytiltti. 

ria. 

M.  Cttu.          ^^ 

M.  Cuneata. 

DonaT. 

Pinna. 

Terebnitnia  (not  pli- 

■ Terebratala  (not 

pii. 

Terebiatula  (not  pli- 

cated). 
2  varieties. 

cated). 
7  varieties. 
Terebrat.  plicat. 

cated). 
3  varieties. 

Ter.  plic.  S  var. 

3  vaneties. 

T.  p.  S  var. 

Ostrea3  sp. 

Ostrea  5  sp. 

Ostr.  severaL 

Pecten  1  sp. 

Pecten  4  sp. 

Pect,  several. 

Lima  2  sp. 

Lima  1. 

Avicttla  1  sp. 

Pema  1  sp. 

Plagiottoma  oralis. 

Flagioetoma  punctata 
and  2  other  sp. 

(S€eI^al»ttL) 

EXTENT  or  THIS  OOMTtC  FORMATION, 


In  these  bctls,  several 
species  of  Echinus  occur  ^ 
and  of  the  Encriuital  fa- 
mily, the  Peiitacrinitcs 
caput  medus,  and  Pen- 
tiicnnites  of  Miller  are 
found.  Among  the  co- 
ralloid  order,  wc  have 
several  species  of  the  As- 
trea,  a  Caryophylila,  a 
Fungia,  a  Cyclolites,  and 
a  Ceilepora,  Traces  of 
Alcyonia  may  also  be 
observed, 

CaryopbjrlliA. 

The  range  and  extent  of  these  beds  are  very  con- 
siderable,  as  tliey  stretch  diagonally  across  the 
island  from  north-east  to  south-west.  They  con- 
stitute the  sandy  district  of  the  eastern  moorlands 
in  Yorksliirc.  Their  ferruginous  freestones aie  dis- 
played on  the  borders  of  Lincohishire  und  Leices- 
tersliire,  in  the  hills  above  Grantham  and  the  vale 
^  of  Belvoii'.  They  occupy  all  the  western  half  of 
Rutland,  For  most  ample  and  satisfactory  details, 
see  Conif  bearers  mid  Phillip's  Geology  of  England^ 

I£4f5  el  seq. 
This  formation  occupies  considerable  heights, 
lloseberry  Topping  is  1022  feet  high,  Arbury  hill 
804,  EpweU  hill  Oxfbrdsliire  83(5,  Dundry  hill 
Somersetsliire  700  ;  all  consisting  of  the  interior 
oolites. 

The  average  thickness  of  these  beds  is  about  400 
feet     The  iuchnation  of  the  strata  is  conformable 
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to  the  secondary  formations  of  these  districts,  dip- 
puig  to  the  soutli-east  under  an  almost  inappreciable 
angle.  The  faidts  of  the  subjacent  strata,  have,  in 
general,  not  affected  this,  showing  it  to  be  of  pos- 
terior formation  ;  but  near  the  village  of  Paulton,  in 
Somersetshire,  a  fault  which  traverses  the  subjacent 
colliery  has  thrown  down  the  stratum  of  the  inferior 
oolite  ^20  fathoms  to  the  north,  bringing  it  to  the 
level  of  the  lias.  (See  the  figure  under  Coal-mea- 
sures, p-  1.59.)  Similar  cases  occur,  where  the  in- 
ferior oolite  sands  are  thus  made  to  abut  abruptly 
against  the  lias  and  subjacent  new  red  sandstone. 
In  the  immediate  vicinity  of  Bath,  there  are  nu- 
merous instances  of  dislocations  of  the  strata.  Not 
merely  the  bastard  free-stone,  but  all  the  sti  ata  being 
disru])ted  to  a  great  extent,  have  fallen  down  to- 
wards the  subjacent  valUes,  and  after  reiterated 
fractures  forming  steps,  have  sent  down  enormous 
blocks  which  are  either  piled  up  in  heaps,  or  scat- 
tered on  the  declivities. 

The  sands  below  the  inferior  ooLte  afford  very 
fertile  soils,  'I'he  red  district  of  Oxfordshire  has 
been  considered  as  the  glory  of  the  county,  by  the 
author  of  its  agricultural  report. 

The  upper  member  of  this  series  (the  fuller's 
earth  clay)  throws  out  the  waters  copiously,  which 
have  percolated  through  the  great  oolite.  Those 
of  the  inferior  oolites  and  sands  are  thrown  out 
the  subjacent  marls.  Hence  this  series  affords 
lines  of  springs,  one  near  its  superior,  and  one 
its  inferior  plane. 
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SECTtON  OF  TTS  UPPER  BEDS  NEAR  BATH,      ^8 

4  §  VI.  UPPER  BEDS  OF  THE  LOWER  OOLITE, 

Containing  tMt  9ubdivitum»f   ConhraMh,    Stonesjldd  alate,  FitrtU  marble,  and 
Ortat  ooiite. 

The  chain  of'hills  constituting  this  oohtic  system, 
["when  viewed  generally,  will  be  found  to  consist  of 
[One   great  oolitic  mass,   resting  upon  the  beds  of 
calcareo-siliceous  sand,   already  described.      Tlie 
upper  part  of  this  great  oolitic  mass,  however,  pre- 
sents strata  of  a  character  sufficiently  distinct  from 
the  main  body  of  tlie  oolite  to  entitle  them  to  a 
separate  consideration.     Instead  of  rising  in  thick ' 
masses,  they  are  generally  cither  fissile  or  rnbbly ; 
,are  much  mingled  with  clay,  forming  as  it  were  a 
link  between  the  principal  deposit  ol'  jiurely  oolitic 
beds,  and  the  succeeding  argillaceous  beds.  Instead 
of  the  yellowish  tinge  of  the  oolite,  they  have  very 
generally  a  blue  coloiu*,  or  in  some  beds  a  pasty 
^appearance,  and  a  dull  chalky  white.     A  general 
notion  of  the  stratification  of  tills  ilistrict  will  be 
obtained  from  the  following  section,  as  taken  down- 
i\'ai*ds  in  the  neighbourhood  of  Bath,  at  Tellislbrd 
and  Farley  Castle. 

1  ■  Lower  part  of  the  Oxford  or  clunch  clay  full  oT  &elenit& 

'2.  Cornbrash 9  to  16 

a  Clay  8  to  14 

4.  Calcareo-siliceous  sand  and  gritstone      .         •         •         •        10 

But  Bometimes^weHiDg  to       .        •        •        .        •       40 

5.  Forest  marble        ........         18 

6.  Sand  beneath  the  Forest  marble  ....  2 

But  sonietimcs  acquiring  great  thickness. 

7.  Clay  .......       from  40  to  60 

Sometimes  thinning  to    .•••.-       W 

8.  Great  oolite  ........      130 

No.  I,  is  the  bottom  of  the  superior  cloy  bedii,  to  lie  hereafter  ex- 
amined. 
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Ko.  2,  the  Combniah,  u  a  loose  rubbly  limestone,  of  a  gray  or  bluhh 
colour,  especially  near  the  superincumbent  clay ;  but  brown  and  earthy 
on  the  outsidp.  The  upper  bed*  of  the  third  oolitic  system  of  Oxford- 
shire, which  are  with  prolmbility  referred  to  this  rock,  are  often  of  a 
chalky  appearance.  In  Wiltshire  it  ta  called  combrash,  or  comgrit ;  the 
latter  ta  an  improper  nauie,  becau&c  it  is  not  a  grit,  but  nibbly  in  that 
locality.  At  Maliiiesbury  it  becomes  Chick  and  solid,  and  is  extensively 
quarried  for  building. 

No.  .'1,  The  clay  beneath  is  generally  white  near  its  junction  with  the 
eornbrafth,  and  afterwards  blue. 

Nob.  4',  5,  and  6,  are  intimately  a&sociatcd,  forming  an  aasemblage  oT 
lieds  of  limestone  generully  fissile,  and  divided  by  argillaceous  partin|By 
lying  between  two  strata  of  calcareo-siliceoiis  sand  and  gritstone.  These 
sandy  strata  usually  contain  atiout  one-third  of  ralcareou.s  matter.  The 
gritstone  ui  tlicm  is  hard  enough  to  scratch  glofis,  and  forms  irregular 
slate-likc  concretions.  The  limestone  interposed  between  these  sands 
is  known  by  the  name  of  Forest  marble.  Its  layers  are  in  |!eneral  ihin 
and  slaty  ;  but  occaaioiuiUy  thickening  to  2  or  3  fret.  The  colour  of 
the  stone  is  mualty  gray  or  bluish  within,  brownish  on  the  outudc^ 
apparently  composed  of  a  congeries  of  dark  coloured  shells,  interspened 
with  white  oolitic  particles.  Bivahe  shells  arc  most  common  in  the 
thick  bc<ls,  and  univalve  in  the  thin.  The  stone  is  coarse-grained,  bul 
fissile,  aDbrding  coarse  roofing  slates  and  flngstones.  The  more  solid 
beds  take  a  polish,  and  ftvm  a  coarse  vaiiegnted  marble;  whcncc^and 
from  its  occurrence  in  Whichwood  forest,  Oxfordshire,  it  has  derived  its 
name  of  Forest  marble. 

The  partings  of  clay  between  the  beds  of  this  rock  vary  in  thickness^ 
from  less  than  an  inch  to  upwards  of  a  foot.  There  in  little  doubt  that 
the  calcareous  stutc  of  Stonesfield  near  Woodstock,  (Kfordshir^  m 
famous  for  the  a&toni»hifig  variety  of  its  organic  remains,  among  whkb 
the  cxuvia;  of  birds,  land  animals,  and  amphibia,  are  seen  mit^led  wiili 
vegetables  and  sca-shclli,  belongs  to  the  Hame  stage  of  the  serici  oT 
superposition  with  the  Forcnt  mnrbic.  The  assemblage  of  beds  wocked 
here,  consisti^  uf  two  fissile  beds  of  a  buff' coloured  or  oolitic  limcstomv 
each  ubout  2  feet  thick,  separated  by  a  bed  of  loose  calcanBo-ailiceotn 
sandstone  of  similar  thickness. 

No.  7,  Ciajf  over  the  ooiUe,  or  Bradford  ciay,  is  a  blue  marly  clay, 
which,  at  the  point  of  its  contact  with  the  great  oolite,  is  stufli^  fuU  of 
the  singular  organic  congeries  to  be  presently  described.  It  is  some- 
tinics  absent,  and  it  is  tlicn  impossible  to  discriminate  between  tlie 
upper  beds  of  the  great  oolite,  and  the  Forest  marble. 

No.  84  Great  oolite.  This,  both  in  thickness  and 
utility,  is  by  far  the  most  importunt  of  the  Britisii 
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^oolites.     It  consists  of  a  stratified  calcareous  mass, 
[Varying  in  thickness  from  130  to  more  than  SOO 
[feet;  softer  and  harder  heds  ultornate  in  this  strati- 
|form  mass,  the  former   exhibiting    those    distinct 
oviform  concretions  which  give  name  and  character 
to  tliis  class  of  rocks  ;  tlie  latter  possessing  fewer- 
of  them.     The  aoti  beds   constitute  an  excellent 
'eestone.     The  Kettering  freestone  of  Northamp- 
tonshire, for  example,  is  rendered  extremely  beauti- 
ful by  tlie  distinctness  of  its  oolitic  structure ;  that 
[of  Bath  has  generally    a  finer   grain,  and  it   has 
uaccordingly  been  employed  in  the  late  repairs  of 
.ilenry  tlie  Seventh's  Chapel  at  Westminster.     iSt. 
•aul's   catliedral   was  built   principally   from    the 
[quarries  about  a  mile  north  of  Burford  in  Oxford- 
liire.     Fragments  of  comminuted  shells  may   be 
[observed  in  all  the  varieties,  mingled  with  the  oval 
^particles,  but  so  com])letely  broken  do\\Ti  that  it  is 
[enerally  impossible  to  avscertain  their  species ;  hence 
•arises  our  imperfect  knowledge  of  the  fossils  of  tliis 
formation.  The  colour  of  the  freestone  beds  is  genc- 
ndly  white  with  a  light  cast  of  yellow\     Of  the  other 
>eds,  some  are  gray  in  the  middle,  and  some  almost 
ilue.     Occasionally  strata  of  a  brown  ferruginous 
[tinge  are  interposed,  especially  at  the  botU)m  of  the 
Ties  near  its  junction  with  the  fuller's  earth.     The 
upper  beds,  in  which  the  shells  become  more  dis- 
tinct, afford  indifferent  freestones,  and  cannot  be 
easily  distinguished  from  the  forest  marble.     Many 
leds  exiiibit  a  laminated  cleavage,  not  parallel  to 
the  greater  lines  of  stratification,  for  whicli  they 
have  sometimes   been   mistaken ;  and   have  thus 
['given  rise  to  accounts  of  highly  inclined  beds  alter- 
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nating  with  horizontal  ones  in  this  rock.     Mani 
>snch  appeiirances  may  be  seen  in  the  quarries  rn 
iBadinington  Park,  tlic  duke  of  Beaufort's  seat  ii 
'Gloucestershire.     The  limestone  of  these  beds 
a  tolerably  pure  calcareous  carbonate. 

The  mineral  contents  of  this  oolite  are  exceed 
ngly  few. 
Organic  Remains, — If  these,  like  the  other  secoi 
Wary  rocks,  be  barren  in  mineralogy,  they  are  ri( 
md  varied  in  zoological  and  vegetable  fossils.    Tin 
occur  chiefly  in  the  upper  beds  5  the  great  ceni 
mass  of  oolite  affording  but  few  complete  specim< 
though  full  of  comminuted  fragments. 

The  Comlrrash,  though  a  thin  rock,  has  not  il 
irganic    treasures   equally    or    promiscuously   di»»| 
tributed ;  since  the  upper  beds  of  stone,  composing] 
the  rock,  exhibit  fossils  materially  different  from 
tliose  of  the   under  beds.     The   cluster  of  smalt' 
oyster  shells  and   the  stems  of] 
the  pentacrinus  lie  near  together, 
and   but  few  others   are   foundi 
near   the   bottom   of  the  rock. 
Here    also    are    found    variou&l 
Madrepores,  of  which  one  is  fig- 
ured on  the  margin. 

In    tlie    forest   mtu-ble,    loose] 
and  entire  specimens   are   rarQ 
and    separable    with    difficulty, 
..  _  tliough  its  various  beds  arc  com- 

-Theiv«w«i  M-d.  posed  of  little  else  than  a  mass  ol 
lells.     A  few,  however,  are  found  in  the  clay  seams' 
between  the  stone ;  bones,  tcctli,  and  wood  firmly 
imbedded  in  the  rock,  are  among  its  most  charac* 
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teristic   inJications.     Small    turbinated   shells    are 
frequent.     If  the  calcareous  slate  of  Stonesfield  be 
correctly  referred  to  this  part  of  the  series,  (which 
is  rendered  still  more  probable  by  the  occurrence  oi* 
the  same  teeth  and  palates,  in  both  localities,)  we 
here  find  the  onlv  known   instance  in   which  the 
jemains  of  birds  and  terrestrial  animals,  have  been 
found  in  beds  of  an  antiquity  prior  to  the  deluge,  at 
,all  approaching  to  this.     There  they  are  mingled 
[with  winged  insects,  amphibia,  sea  shells,  andvcge- 
[.tables,    presenting   at   once   the    most   interesting 
and  difficult  of  problems  connected  with  the  dis- 
tribution of  organic  remains.     The  clay  above  the 
;reat  oolite  contains  few  fossils  except  in  its  lowest 
[.bed,  and  in  immediate  contact  with  the  upper  sur- 
face of  the  subjacent  oolites.    In  this  line,  it  abounds 
with  remains  of  the  pear  encrinus,  with  many  small 
loralloids,  and  several  peculiar  tercbratula). 
I  introduce  here, 
exact  representa- 
ion  of  the  Lily  En- 
inite ;    a  beautiful 
distinguished 
\y  each  of  its  arms, 
lividing  into  a  hand 
formed   of  two  iin- 
[crs,  from  the  inside 
»f    which     proceed 
\omtQA(entaaila(JcQ\- 
srs)  ;  tlie  whole  tbld- 
ig  up  like  a  closed 

ily.     Mr.  Parkinson  has  some  ingenious  specula- 
ions  on  the  structure  and  motions  of  this  zoophyte, 
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illustrated  by  exquisite  engravitigs— 5ffe  Organic 
RemainSy  vol.  II.  p.  17'^. 

J'hc  great  OoUtc. — In  the  great  mass  of  this  rock, 
pertect  organic  remains  are  rare,  from  the  com- 
minution which  they  seem  to  have  undergone. 
Many  small  turbinated  shells,  like  those  of  the 
forest-marble,  occur  here  in  the  stone,  and  a  bed 
containing  numerous  madrepores,  several  of  wliich 
appear  to  be  identical  with  those  oi'  the  coral  rag, 
forms  a  part  of  the  series.  Most  of  the  fossils  of 
the  subjacent  clay  arc  common  to  the  upper  beds 
of  the  oolite. 

Vertebral  Animals.  Mamvialia, — Tlie  calca- 
reous slate  of  Stonesfield  presents  bones,  believed 
by  M.  Cuvier  to  l>elong  to  a  species  of  Ditlelphvs, 
or  Opossinn  tribe.  They  are  absolutely  imbedded 
in  the  slate,  along  with  various  marine  reniainSi 
and  could  not  have  been  subsequcnly  introduced 
into  its  fissures.  We  have  here  tlierefore  an  un- 
paralleled instance  of  tlie  occurrence  of  animals  of 
such  an  order,  in  strata  deposited  long  before  the 
superior  or  tertiary  rocks,  which  are  the  ordinarj" 
mineral  repositories  of  the  exuviffi  of  the  quadni 
pods  buried  so  long  before  the  flood. 

Oviparous  Quaduupeds.  Sauri — A  well  charac- 
terised crocodile,  but  of  a  species  distinct  both  from 
all  those  now  known  alive,  as  also  from  the  extinct 
sauri  of  Germany,  and  from  one  at  least  of  the 
French  fossil  species,  has  been  dug  up  at  Gibraltar 
near  Oxford,  and  is  now  in  the  collection  of  thai 
university.  It  was  taken  from  a  bed  towards  the 
upper  part  of  this  oolitic  system,  probably  the  Com* 
brash. 


CROCODILES  CRUSHED  TO  DEATH. 


'259 


immense  animal*  the  megalosaurus,  already 
[escribed,   a.s  resembling  the   monitor,   occurs  at 
►tonesfield  in  the  calcareous  slate.     This  animal 
:s  a  considerable  resemblance  also  to  the  Lacerta 
[igantca  found  in  Bavaria  and  described  by  Soem- 
in  the  Munich  Transactions  of  1816.     A 
inslation  of  his  memoir  is  published  in  the  Ainials 
rf  Philosophy  for  September   1821.     Ammonites 
rare  found  in  the  vicinity  of  this  last  saurian  ani- 
lal,  as  is  universally  the  case  in  all  the  known 
istances  of  fossil  crocodiles,  gavials,  ind  lacertte. 
The  compressed  and  distorted  form  of  the  head 
and  tlie  marks  of  violence  apparent  in  many  places, 
ought  to  be  noticed,  since  they  indicate  some  great 
external  force  to  wliich  either  the  annual  itself  at 
its  death,  or  its  skeleton  must  have  been  subjected 
since  ;   appearances  common  also  to  the  crocodilus 
\priscus.   What  a  power  of  pressure  must  have  been 
exerted  not  only  to  flatten  the  conical  head,  but 
even  to  force  out  and  break  the  teeth,  as  has  hap- 
pened to  the  Bavarian  fossil !     "  If  I  may  be  per- 
mitted to  decide,"  says  M.  Soemmering,  "  from  my 
own    anatomical   and    pathological    knowledge,    I 
should  say  tliat  this  compression  of  the  head  was 
not  cflTected  during  the  dry,   friable,  and   brittle 
skeleton  state ;  since  in  such  a  case,  owing  to  the 
equal  force,  the  upper  jaw  would  have  been  broken 
in  another  direction ;  or  at  least  would  not  have 
been  so  perfect,  as  it  is  now  on  the  left  side.     The 
injury  appears  to  liavc  been  rather  inflicted  on  the 
living  animal  when  tlie  periosteum  and  top  of  the 
head  could  lu^ld  together  the  fragments   of  the 
bones,    notwithstanding   their   crushed    condition. 
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Hence   it   appears  to  me  a  subject  well   worth; 
attentive  examination,  why  it  happens  in  all  th< 
fossil  animals  of  antiquity,  except  some  later  on< 
discovered  in  a  lighter  soil,  that  the  heads  m  parJ 
ticular  are  not  only  crushed,  but  at  the  same  tim* 
dislocated  in  their  parts.    How  dreadfully  shatterei 
for  instance  are  the  frat^inents  of  the  head  and  ja^ 
discovered  at  Maestricht,  the  jaw  of  the  Vicentint 
animal,  the  head  of  the  specimen  belonging  to  M.j 
Speucr,  the  heads  of  the  paheotherium  and  anoplo- 
therium  found  at  Montmarti'c,  and  the  head  of  the' 
crocodilus  priscus  /*' 

Testudines, — Remains  of  two  or  three  species 
of  tortoise  occur  in  tlie  Stonesfield  calcareous  slate. 
Fishes. — Teeth,  palates,  and  vertebra?  of  fishe:? 
of  several  varieties  are  found  both  in  the  Stonesfield 
slate  and  in  the  Forest-marble  of  Atford  near  Batli : 
the  same  varieties  belong  to  both  places. 

Birds. — Leg   and    thigh    bones,    apparently   of 
birds,  are  imbedded  in  this  calcareous  slate. 

Insects. — Coleoptera.  Specimens  pronounced 
by  Dr.  Leach  to  be  decidedly  the  Elytra  of 
Coleopterous  insects  occur  in  the  Stonesfield 
slate.  Two  or  three  difterent  species  have  been 
noted. 

Crustacea. — Two  or  three  varieties  of  the  crab 
or  lobster  tribe  occur  also  in  the  Stonesfield  slate. 

All  these  organic  remains  are  intimately  associ- 
ated with  the  shells  which  characterise  this  portion 
of  the  oolitic  system,  and  cannot  therefore  be  con- 
sidered as  a  local,  overlying,  and  recent  deposit  of 
animal  bones.  In  the  same  beds,  are  found  several 
varieties  of  shells,  paiticularly  a  small  studded  tri- 
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gonia,    and   several   vegetables,    principally   flajifs, 
ferns,  and  mosses. 

Testacea.     Mullilocular  Univalves^ 

These  are  the  same  genera  for  the  Conibrash, 

Forest  marble,  and  clay  over  the  oolite,  as  already 

given  for  the  inferior  oolite.     For  the  species  we 

[-refer   to  Mr.    Conybeare's   tabular   list,    Geology ^ 

p.  ^210.     Tlie  same  reference  must  be  made  as  to 

tlhe  echinites,  encrinites,  and  madrepores. 

Irregular  cylindrical  branches  often  occur  in  all 
jitliese  beds  originating  apparently  from  AlcyQni(E ; 
and  in  the  great  oolite  there  are  well  cliaracterisod 
-fragments  of  these  zoophytes,  exhibiting  distinctly 
their  cellular  and  spongy  texture.  See  Chalk  Fossils. 
Fossil  wood  is  prevalent  among  all  these  beds, 
^4ind  especially  in  the  Forest  marble.    In  the  Stones- 
field   calcareous    slate,   many    beautiful   vegetable 
impressions  occur  of  ferns,  flags,  and  mosses,  ana- 
logous to  those  of  the  coal  fbrnnition, 
!•   Sange  and  extent. — The  formations  from   the 
•eat  oolite  to  the  cornbrash  inclusively  constitute 
:hc  mass  of  a  well  defined  range  of  hills  whicli  run 
icross  the  island  in  a  iliagonal  direction  from  York- 
iliire  to  Dorsetshire,  imd  equal  or  surpass  the  great 
:hain  of  the  chalk  lulls  in  continuity,  elevation,  and 
fxtent.     Mr.  Smith  has  given  the  appropriate  name 
fof  the  Stonebrash  lulls  to  this  range,  from  the  stony 
■agments  tliat  are  mixed  with  the  surface  soil. 
>The  Conibrash  usually  forms  the  first  acclivity  of 
lese  hills  where  they  begin  to  rise  from  the  valley 
[occupied  by  the  Oxford  clay,  which  accompanies 
ithem  on  the  east  and  south-east ;  the  Forest  marble 
and  calcareous  slate  advance  still  farther  in  the 
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ascent ;  the  great  oolite  emerging  irom  beneaUi 
them,  forms  their  most  elevated  region  and  brow  ; 
and  finally  the  subjacent  beds,  associated  ^^-ith  tlie 
inferior  oolite,  already  described,  are  displayed  in 
the  western  slope  and  escarpment  of  these  hills. 
The  plains  at  their  foot,  are  occupied  by  the  lias. 
To  the  above  general  arrangement,  there  are  a  few 
exceptions  caused  probably  by  aqueous  denudation. 

Near  Frome  the  horizontal  beds  of  the  oolitic 
series  abut  abruptly  against  the  steep  strata  of  the 
mountxiin  limestone,  connected  \vnth  the  lofty  chain 
of  Mendip,  which  heie  begins  to  rise.  A  sketch  in 
6eoL  ofEng.  p.  226,  explains  how  beds  of  such  dis- 
tant geological  epochs  as  mountain  limestone  and 
oolite,  come  into  immediate  contact,  in  consequence 
of  the  difference  of  inclination  through  which  their 
planes  cut  each  other. 

We  have  stated  that  this  system  passes  across  the 
island  in  a  nearly  continuous  range  of  bills.  Some- 
times, the  whole  escarpment  of  these  hills  is  formed 
by  the  inferior  oolite,  while  the  main  oolite  consti- 
tutes a  slight  upper  terrace  ranging  at  a  distance 
inland.  Crossing  the  Humber  through  Lincoln- 
shire, the  hills  are  low  ;  they  acquire  more  height 
in  the  counties  of  Rutland,  Northampton,  and 
Oxford,  but  the  highest  points  in  the  formation  are 
the  summits  rising  near  the  edge  of  the  escarpment 
(as  Arbury  and  Epwell  hills)  which  belong  entirely 
to  the  inferior  sands,  the  main  oolite  lying  con- 
siderably  to  the  south-east.  In  Gloucestershire, 
however,  the  great  oolite  always  crowns  tlie  bro 
of  the  escarpment,  and  reaches  its  greatest  height 
The  loftiest  point  of  these  hills  is  Cleevehill  near 
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Cheltenham,  1134  feet  above  the  level  of  the  sea ; 
Broadway,  108G  ;  fitow  in  the  Wold,  883 ;  and 
Landsdown  near  Bath,  813. 

Thus    the   hills  which  descend  with  an  abrupt 

escarpment  to  tlie  north-west,  slope  with  a  gentle 

declivity  to  die  south-east.    This  peculiarity  belongs 

to  the  chains  formed  by  all  the  beds  above  the  new 

red  sandstone,  and  proceeds  from  the  cropping  out 

of  their  strata  to  the  north  and  west,  against  the 

older  rocks  tliat  lie  in  these  lines  of  direction.    The 

Tliames  which  has  its  source  on  the  back  of  the 

.Cotteswolds  on  the  high  grounds  between  Cuen- 

[cester  and  Cheltenham,  wanders  to  the  east  through 

m  course  of  more  than  loO  miles  before  it  reaches 

be  tide  level  at  Riclimond ;  while  on  the  western 

lide  of  these  hills,  the  Severn,  within  twelve  miles 

of  the  origin  of  the  Thames,  already  feels  the  influ- 

teuce  of  the  tide*    This  oolitic  range,  like  the  chalk, 

completely  broken  through  by  many  vallies. 

The  thickness  of  these  beds  varies  from  i^O  to 

feet.    The  great  oolite,  in  common  with  all  the 

"beds  of  this  formation,  luis  a  gentle  dip  towards  the 

south-east.      The   Cornbrash   forms   an   excellent 

■arable  soil ;    but  that  over  the  great  oolite,  is  a 

loose,  absorbent,  and  unproductive  stonebnish. 

The  clays  which  lie  under  the  Cornbrash  and  the 

^Forest  marble  generally  keep  up  the  water  beneath 

these  strata,  aftbrding  a  ready  supply  of  springs. 

Hence,  as  has  been  happily  observed  by  Mr.  Smith, 

Ithe  coui-se  of  these  beds  is  distinguished  by  a  denser 

(population,  than  of  those  of  the  inferior  oohte,  where 

water  cannot  be  obtained  luiless  from  deep  wells 

at  a  great  expense.     In  order  to  procure  this 
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necessary  of  life,  wells  liave  been  sunk  130  feet 
through  the  rock,  till  its  junction  with  the  fuller's 
earth,  which  intercepts  and  throws  out  its  springs, 
forming  a  weeping  soil  round  tlie  escaqiuients  of 
the  oolitic  hills  ;  circumstances  very  obsen'able  near 
Bath.  When  there  is  a  failure  of  this  intervening 
clay,  the  springs  escape  downward,  and  are  lost 
This  is  particularly  the  case  with  the  Forest  marble, 
which  has  numerous  swallow  holes.  These  absorb 
the  springs  filtered  through  the  Cornbrash.  Thirty 
of  them  may  be  counted,  within  the  compass  of 
half  a  mile,  round  Hinton. 


§  VU.    MIDDLE  DIVISION  OF  OOLITES. 

1.  Oxford  Clai/, — Clunch  clay  of  Sihitli. 

This  clay  forms  the  separation,  between  the  raS 
die  and  inferior  assemblage  of  oolites,  including 
subordinate  beds  of  limestone  called  the  Kclloway 
rock. 

This  formation  is  composed  of  beils  of  immense 
thickness  of  a  tenacious  dark  blue  clay,  which  be- 
comes brown  on  exposure  to  the  air.  It  contains 
argillo-calcareous  geodes  and  septaria  (balls  and 
cakes)  termed  turtle  stones.  These  geodes  afford 
a  coarse  marble.  The  argillaceous  strata  are  fre- 
quently blended  with  calcareous  or  bituminous 
matter,  producing  in  the  latter  case  an  inflammable 
shale.  Irregular  beds  of  limestone  occasionally 
appear  in  the  lower  part  of  this  formation,  which 
are  merely  subordinate.  These  are  the  Kclloway 
rock,  in  irregular  concretions,  hard  and  of  a  bluish 
colour.  They  consist  almost  entirely  of  a  congeries 
of  orgiuiic  remains,  among  which  several  species  of 
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ammonites  predominate.  The  beds  of  clay  imme- 
diately over  this  rock  abound  in  selenite  ,  below 
are  found  a  brown  aluminous  eartli  and  bituminous 
wood.  Beds  of  clay  separate  the  Kelloway  rock 
rom  the  inferior  ooHtes. 

Iron  pyrites  and  selenite  occur  abundantly  in 
this,  as  in  all  ai'gillaceous  formations.  The  associa- 
tion of  sulphur  with  the  clay  strata  affords  a  curious 
subject  of  chemical  inquiry. 

The  organic  remains  of  the  Kelloway  rock,  are 
different  from  those  in  the  clay  beds. 

1.  In  the  clay,  are  a  few  bones  of  the  ichthyo- 
saurus, of  a  different  species  from  those  in  the  lias. 
Here  also  among  testaceous  remains,  are  am- 
monites, rostellaria,  serpula,  patella,  ostrea,  gry- 
phsca,  and  pcrnn. 

2.  Shells  of  the  Kelloway  rock. — Ammonites  of 
different  species  from  those  in  the  clay,  nautiH,  and 
belemnites,  rostellaria,  cardita,  chama,  grypluea, 
pecten,  plagiostoma,  avicula,  terebratula.  The  most 
characteristic  shell  is  the  grypJuea  d'tlatata. 

See  Plate  IV. ;  and  for  the  range  and  extent  of  this 
formation,  consult  Conijbeare  and  Phillips,  p,  197- 

This  stratum  is  for  tlie  most  part  extremely  low. 

Its  thickness  probably  exceeds  500  feet,  being 
about  700  in  the  midland  counties.  It  is  nearly 
conformable  with  the  strata  already  described ;  its 
general  dip  being  to  the  east  and  south-east  under 
a  very  small  angle.  It  is  commonly  necessary  to 
sink  through  this  dense  mass  before  water  can  be 
found.  This  is  a  serious  undertaking,  a  well  hav- 
ing been  sunk  at  Boston  to  the  depth  of  1-78  with- 
out  success. 
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§  Vlll.     CORAL  RAG, 
The  Superior  OoUte,  Orfard  OdiU  or  PitoHtt  of  tame  awiAon, 

This  formation  comprises  a  series  of  beds,  in  all 
from  one  to  two  hundred  feet  thick  j  in  the  upper 
part,  which  contains  the  ooHte,  the  calcareous  matter 
prevails ;  and  in  the  lower,  the  siliceous  matter. 
The  coral  rag  occupies  the  middle  of  the  series. 

The  sandy,  or  siliceo-calcareous  beds,  consist  of  a 
thick  deposit  of  yellow  coloured  quartzose  sand, 
traversed  by  irregular  strata  of  hard  gritstone. 
These  rest  immediately  on  the  Oxibrd  clay.  The 
fossils  of  this  formation  are  found  most  abundandy 
in  the  qalcareous  grit  of  tliis  sand,  especially  be-  | 
neath  the  coral  rag  beds.  The  osirea  gregareat 
characterises  the  sand.  Iron  is  diffused  through  it 
in  such  plenty,  as  to  cause  the  appearance  of  the 
iron  sand  found  in  a  superior  bed. 

The  remains  of  vertebral  animals  are  scarce  ;  but 
a  few  vertebra?  of  the  iclithyosaurus  have  occurred 
in  the  calcareous  grit. 

The  shells  are  numerous  there  j  ammonites, 
nautilus,  belemnites,  mclanea,  turbo,  helix,  trochus, 
ampuUaria,  serpulites,  ostrea,  pecten,  chama,  tri- 
gonia,  lima,  lithophaga,  mytilus,  modiola.  Many 
beautiiul  echinites  are  found  in  this  formatioti 
the  cidaris  and  clypeus  genera.  It  is  the  rirst  for- 
mation, in  descending  from  the  surface,  which  af* 
fords  any  considerable  number  or  variety  of!  madre- 
pores. Several  species  of  the  caryophyllia  and 
astrea  are  also  observed.  Fossil  wood  occurs  fre- 
quently in  the  calcareous  grit     See  Plate  IV. 

The  coral  rag,  which  reposes  on  these  siliceo. 
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tlcareous  beds,  consists  of  a  loose  nibbly  limestone, 

iften  almost  entirely  composed  of  a  congeries  of 

several    varieties    of   aggregated    and    branching 

►madrepores.     There   are   two   or   three   iiTcgular 

[courses  of  tliis  rock  between  the  freestones  and  the 

iferior  sandy  beils. 

The  upper  calcareous  beds  are  ;  a  calcareous  free- 
fone of  tolerably  close  texture,  full  of  comminuted 
ihells.  It  is  oolitic,  often  with  large  ovoid  paiii- 
cles,  whence  the  name  Pisolite.  Colour,  pale  yel- 
lowish white.  As  a  building  stone,  it  Ls  apt  to 
p«calc  off  in  hu*ge  flakes  from  exposure  to  the 
weather,  a  defect  from  which  the  city  of  Oxford 
ftias  suffered. 

The  thickness  of  the  calcareous  sand  and  coral 

rag  may  be  estimated  at  about  100  feet  for  each. 

The  inclination  of  the  beds  is  very  slight ;  but  care 

iiust  be  taken  in  observing  it,  not  to  mistake  the 

llines  of  the  cleavage  of  the  rock,  for  those  of  stiati- 

fication. 

From  the  porosity  of  these  strata,  it  is  necessary 
to  penetrate  to  thcii"  junction  with  the  subjacent 
clay,  before  any  considerable  supply  of  water  can 
be  had. 

S  IX.     liPPEU  DIVISION  OF  THE  OOLITIC  SERIES. 


1.  Kimmeridge  clay.  2.  Portland  oolite.  3. 
Argillo-calcareous  beds  of  Purbeck. 

1.  Kimmeridge  clay.  These  beds  consist  of  a 
blue  slaty  or  grayish  yellow  clay,  which  contains 
selenite,  with  occasional  strata  of  liighly  bitumin- 
ous shale,  called  Kimmeridge  coal,  because  it  is 
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used  for  fuel  at  that  place  on  the  coast  of  the  Ish 
of  Piirbeck.     These  beds  are  well  seen  on  the  coi 
of  the  Isle  of  Porthuul.     The  slate  clay  contaii 
both   animal   and  vegetable   impressions.      Afti 
being  heated,  the  shale  divides  into  large  tabular] 
masses.    These  beds  fui'nish  the  selenites  of  Oxford^i 
shire,  which  are  constantly  in  progress  of  forming,' 
by  the  union  of  the  acid  of  oxygenised  pyrites,  | 
with  the  calcareous  matter  of  the  oyster  shells,  and' 
other  marine  fossils. 

The  most  interesting  organic  remains  of  tins 
stratum  are  tliose  of  the  extinct  genera  of  the  fish- 
lacertse.  The  vertebra*,  paddle-fins,  &c.  of  a  specieai 
of  ichthyosaurus,  diflerent  i'rom  the  ichthyosauri 
of  the  lias,  have  been  observed  ;  as  also,  the  verte*fl 
bra\  phalanges,  and  head,  probably  of  a  plesio- " 
saurus.  Hones  like  those  of  the  cetacea,  also  occur. 
Of  the  shells  present  in  abundance,  the  ostrea 
deltoidea  seems  most  characteristic.  The  genera 
are  nearly  as  in  the  coral  rag.     See  Plate  IV. 

^,  PoRTX-AXD  Oolite, — Several  beds  of  a  coarse  ^ 
earthy  limestone,  compose  this  formation.  Through  1 
all  the  three  divisions  of  the  oolite  series,  the  lime- 
rocks  are  so  similar,  as  to  be  distinguishable  chiefly  M 
by  tlieir  organic  remains.     All  their  varieties  pos- 
sess  the  character  of  a  yellowish  white  calcareous 
Ireestone,  mixed  with  a  small  quantity  of  siliceouH 
sand,  and  becoming  oolitic  ;  features  in  which  they 
ilirter   entirely  from  the   argillaceous   beds.     The 
upper  series,  called  tlie  oolite  of  Aylesbury  and 
Portland,  is  fine  grained,  white,  loose  granular,  of 
earthy  a'^pect,  with  various  shades  of  yellowish  gray. 
Occasionalh    it  occurs   as  a   compact   cretaceous 
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limestone,  with  a  conchoidal  fracture.     In  Wilt- 
shire and  Dorsetshiie  hxyers  of  chert  alternate  with 
le  limestone,  Hke  flints  in  the  clialk  ;  while  the 
lower  betls  have  a  sandy    aspect   from  numerous 
larticlcs  of  green  sand. 

Those  varieties  which  are  most  distinctly  oolitic, 
LS  at  Purbeck  and  Portland,  aflbrd  a  fine  building 
(tone,  much  employed  in  London.  In  the  Isle  of 
Portland,  the  uppermost  beds  are  numerous.  They 
consist  of  oolitic  rock,  which  at  the  very  summit, 
^called  the  cap,  is  yellow  and  porcellanous ;  it  is  fit 
■only  for  making  lime.  The  next  bed  is  quarried 
Bibr  tlie  builders ;  tlie  beds  below,  bemg  shelly  or 
Bcherty,  are  employed  for  coarser  purposes. 

^P     The  following  section  of  the  (]uarrie9  on  the  west  side  of  Portland, 

™Wtt3  published  in  the  Monthly  Magazine  for  !8I3,  p.  481. 

Frcl. 

1.  Vegetable  mould  less  than  1 

2,  and  :L  In  Gosling*^  quarry,  the  stone  bnuih  and  two  beds 
of  the  cap  are  tugethur, 20 

4.  Roach,  in  one  bed  4  feet,  and  2  other  feet  arc  united  to 
the  top  of  the  white  bed,  in  all  ....  6 

5.  White  bed,  a  marketable  building  stone,  exclumvc  of  the 
two  feet  of  Roach  united  to  it,  ....  8 

Many  beds  of  flint  and  stony  rubbish,  ...  0 

G.  Two  other  beds  of  Roach  in  the  place  of  the  middle  bed 

of  saleable  stone, .  <i 

7.  The  third  bed  of  marketable  stone,        ....  0 

N.B.  On  the  side  of  the  island  iliis  bed  is  of  better 
texture,  and  measures  from  7  to  14  feet  in  thickness. 
9.  The  above  series  lies  on  many  hiycrs  of  flints  and  Iwds  of 

unscrviceal)le  stone  to  the  depth  of  about  <       53  or  QO 

The  whole  of  the  rocky  strata,     .         .         .         <       112 
Bcneatli  is  black  blue  shiver  several   hundred  feet  thick,  of  which 
,  about  tOU  feet  stand  above  the  level  of  the  sea. 

The  beds  at  Portland  and  Tisbury  contain  beau- 
tiful yellow  suljihate  of  bur}.'tes,  called  sugar  candy 
•tone,  and  calcareous  spar. 
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Tlie  organic  remains  are  chiefly  shells.  Tlie 
Amonites  trlpUcatus  and  Pecten  laviellosus  are  cha- 
racteristic.   See  Plate  IV.  and  Geol,  of  Engl.  p.  176, 

Large  fragments  of  wood  are  common,  and  beautiful  Bilicified  plants 
(Cycadeoidctc),     See  Geol.  Trans.  June  1628. 

Tlie  soil  of  this  stratum  is  a  poor  stone  brash. 
The  water  intercepted  by  the  subjacent  Kinunei- 
idge  clay  is  thrown  out  copiously  from  tlie  bottom 
oi  the  oolite. 

8.  PuuBKCK  Beds. 

These  whicli  tbrni  the  summit  o{  the  series,  are 
composed  of  many  thin  layers  of  argillaceous  lime- 
stone, wliicli  alteniate  with  slaty  marls,  and  fonn 
altogether  a  body  300  feet  thick.     According  to 
Mr.  Webster,  the  Purbeck  stone  consists  cliiefly  of 
shells  (principally  the  Helix  Vivipara),  partly  entire 
and  partly  comminuted,  imbedded  in  a  calcareous 
cement,  which  is  sometimes  pure  and  crystalline, 
and  at  others  like  an   indurated  marl.     Between 
these  beds  are  interposed  others  free  from  shells, 
along  with  layers  of  marl  and  shale,  which,  by  its 
shivery  nature,  facilitates  the  quarrying  operations,^ 
Tlie  hill  contains  many  alternations  of  these  strata. 
One  good  freestone  bed,  worked  and  shipped 
for  London  iu  Purbeck  squares,  is  5  feet  thick  j! 
another  a  little  below  it,  called  tlie  new  rmi,  is  oi 
the  same  thickness.     The  ujipermost  useful  stoni 
is  called  the  leaning  vehu     It  is  7  feet  thick,  ani 
affords  flagstones  lor  pavement    The  only  miner; 
contents  of  these  beds  are  the  pyrites  of  the  mai 
stratum,  and  the  sulphate  of  lime,  produced  by  \\ 
action  on  the  calcareous  matter. 

Beautiful  impressions  offish  are  frequently  ioniw 
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\y  the  quarrynien  between  the  lamina;  of  the  lime- 

:one,  as  also  tVa^^icnts  of  bones,  belonging  chiefly 

the  turtle.     Complete*  fossil  turtles   have  also 

rcurrcd,  of  wliich  one  specimen  was  found  in  great 

lerfection.     The  shells  of  this  foimation  have  not 

»een  accurately  examined.    The  Purbeck  beds  have 

m  average  total  thickness  of  about  SCO  feet    They 

ire  retentive,  and  mtist  be  suiik  through  for  water. 

None  of  the  above  formations  of  tliu  upper  divi- 

lion  of  tlie  oolite  series,  have  been  noticed  hitherto  to 

lie  north  of  Buckinghamshire.    Here  the  Portland 

>eds  first  make  theii*  appearance  beneath  the  iron 

tnd,  forming  a  constituent  of  the  same  chain  of 

lills.    It  underlies  a  great  part  of  the  vale  of  Ayles- 

lury.     On  the  borders  of  Oxon  and  Bucks,  it  rises 

"om  Thame,  and  culminates  on  the  insulated  group 

if  Brill  hills,  with  a  thin  covering  of  iron  sand.    It 

passes  thence  to  the  south-west,  and  again  culmi- 

ates  at  Shotover,     Through  the  north  of  Dorset- 

ihire,  the  prolongation  of  this  series  is  concealed 

»y  the  projection  westwards  of  the  vast  overlying 

platforms  of  chalk  and  green  sand  extending  over 

their  basset  edges  or  outcrops.     Beyond  the  escaq)- 

.inent  of  the  chalk  it  reappears. 

fi    The  strata  of  the  isle  of  Purbeck  district  are 

iclined  to  the  horizon,  and   are  perforated  with 

Lves  at  its  western  extremity.    There  the  Portland 

;ds,  dipping  inland  in  an  angle  of  from  45  to  dO 

des^rees,  form  tlie  exterior  barriers  and  capes  at  the 

I  mouth  of  these  coves,  while  tlie  vertical  strata  of 
||lie  high  chalk  downs  range  along  their  bottom, 
JThe  more  solid  masses  of  the  Portland  rock  having 
most  powerfully  resisted  the  destroying  agents  which 
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seem  to  have  excavated  the  coves,  often  fonn  a  reel 
of  rocks  in  advance.  In  the  convulsions  of  tliej 
strata  the  solid  beds  of  Portland  jock  have  beeiij 
lifted  up  in  mass,  in  regular  inclined  planes ;  bul 
the  softer  superincumbent  argillaceous  beds  havC; 
been  bent  by  tl)e  lateral  pressure  into  many  curious 
contortions,  such  as  we  formerly  described  in  treat- 
ing of  the  primitive  and  coal  formations.  It  may. 
indeed  be  admitted  as  a  general  fact,  tltYit  whea 
thick  and  compact  beds  of  stone  are  associated  with 
thin  yielding  beds,  in  a  scries  of  inclined  strata,  the  h 
stone,  however  much  it  may  be  raised,  retains  its^ 
flat  planes  of  stratification,  while  the  tabular  clays 
arc  bent  and  twisted  into  the  most  irregular  curves. 
This  disposition  affords  demonstrative  evidence  of  ] 
the  beds  liaving  been  upheaved  nnd  dislocated  by 
mechanical  violence  after  tlieir  horizontal  deposition. 
The  average  height  to  which  this  formation  rises] 
is  about  500  feet.  The  isle  of  Portland  is  SOO. 
In  general,  these  beds  are  nearly  horizontal,  where 
they  have  suffered  no  eruptive  violence.  But  from  i 
this  force,  in  the  vale  of  Nadder,  they  are  elevated  ■ 
sometimes  to  an  angle  of  45"  ;  while  at  Upway  and 
Portland  they  decline  in  opposite  directions,  forming 
a  portion  of  what  has  been  called  the  Weymouth 
saddle.     Sec  Geol.  of  Eng.     Fig.  p.  192. 

X,  BEDS  BETWEEN  THE  CHALK  AND  OOLITE  SERIl 


This  interval  may  be  regarded  as  filled  up  hy\ 
a  series  of  beds  chiefly  of  siliceous  sand,  wlucbj 
possess  an  aggregate  thickness  in  the  greater  part 
uf  their  coinse  of  about  lOOC*  feet.     They  form  llio] 
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sxtensive  tract  of  sand  universally  traceable  beneath 
le  escarpment  and  inferior  termination  of  the  chalk 
rans^es.      This  series  is  exhibited  in  the  clearest 

o 

manner  in  the  soutiiern  counties  of  EnHand  ; — the 
liddle  and  northern  have  not  been  so  well  explored, 
'he  sandy  beds  are  divided  into  two  groups,  with 
interjacent  stratum  of  clay.  The  upper  sand- 
itone  is  interspersed  with  numerous  specks  of  a 
eenish  substance ;  the  lower  has  a  deep  ferru- 
inous  hue,  from  brown  oxide  of  iron.  Hence  the 
'St  is  called  the  green  sand ;  the  second  the  iron 
md  formation.  The  upper  bed  is  parted  from  the 
ihalk  by  argillo-calcareous  strata,  but  their  line  of 
livision  is  not  very  well  marked  on  account  of  the 
rraduation  of  the  lower  chalk  into  them.  Tliese 
iixed  beds  have  been  called  chalk  marl.  Keck- 
Hiing  from  below  in  the  order  of  superposition,  we 
Lve  therefore, 
1.  Iron  sand. 

^.  Interjacent  clay,  which  being  found  exten- 
sively in  the  Wealds  of  Kent,  Surrey,  and 
Sussex,  is  called  Weald  clay. 

3.  Green  sand, 

4,  Chalk  marl. 
All  these  strata  are  probably  of  marine  origin. 

ormations  similar  to  these  in  England,  are  found 
irting  the  chalk  of  Boulogne,  at  its  western  limit 
»out  Honfleur  and  Havre,  and  its  eastern  boundary 
Valenciennes  ;  where  the  green  sand  assumes  a 

:onglomerate  appearance,  and  is  called  turtia. 
nalogous  tbrmaiions  have  been  observed  in  Swit- 

;erland.  It  is  probable  that  the  sandstone  of  Saxony, 
illed  Quadcrsaadstein,  belongs  to  the  same  series. 
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most  important  betvjreen  the  oolites  and  chalk,  bolh 
from  its  mass  and  the  number  and  beauty  of  its 
organic  remains.     In  the  southern  counties  of  Eng- 
land  the  bed  is  thick  and  easily  traced ;  but  it  i$ 
more  obscure  in  the  midland  and  northern. 
green  sand  is  siliceous,  and  is  sometimes  consol 
dated    into   sandstone   with   a  calcareous  cement. 
The  nature  of  the  green  earthy  colouring  matter  it 
not  well  known.     It  is  probably  some  form  of  iron, 
along  with  micaceous  particles.     There  are  subor- 
dinate beds  and  masses  of  chert,  and  veins  of  chal- 
cedony ;  with  alternating  beds  and  nodules  of  lime- 
stone callud  Rag  in  the  Isle  of  Wight.     It  is  tlm 
Kentish   rag.     This  limestone  is  perfectly  distin 
from  that  of  Portland  in  geological  position,  char 
actcr,  and  fossils.     There   are   occasional   partin 
seams  of  clay.     Iron  pyrites  occurs*in  this  rock 
Folkstone,  and  hematitic  iron  in    tlie  ferrugiuou 
beds.     Crystallized  sulphate  of  barytes  of  a  yellow 
colour,  with  its  interstices  filled  with  opaque  quartz, 
has  been  observed. 

Organic  Remains, — These  are  extremely  nume^' 
rous.  At  Blackdown,  and  other  places,  they  occur 
in  a  state  of  beautiful  preservation,  imbedded  in 
the  siliceous  varieties  of  the  rock,  the  original  cal* 
careous  matter  of  the  fossil  being  entirely  sup-_ 
planted  by  chalcedonic  infiltration.  The  quarrioff 
of  Blackdown  afford  150  species  of  testacea.  Under 
the  family  Echimis  we  have  the  divisions  cidarit 
and  spatangus,  and  one  small  species  of  conalut^ 
This  formation  is  the  lowest  in  which  the  spa 
have  hitherto  been  found  in  England  ;  and  the 
one  besides  the  chalk,  that  seems  to  contain  tlie 
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conalus.  The  eiicrinites  are  few  and  unimportant ; 
as  well  as  the  coralloids.  The  alcyonic  remains 
are  however  both  more  numerous  and  important  in 
this  formation  than  in  any  other  except  the  chalk. 
We  have  the  ramose ;  the  funnel-shaped  (figured 
in  the  frontispiece  toP;irkinson's  Organic  Remains); 
the  tulip  shaped ;  one  with  a  large  head  divided 
into  many  lobes,  standing  on  a  short  neck ;  one 
shaped  like  a  cucumber-  Silicified  wood  also  occurs. 
►  This  formation  may  be  traced  very  extensively 
beneath  the  chalk.  In  Wiltshire  it  constitutes  hills 
standing  in  advance  of  those  of  the  chalk  formation, 
and  nearly  equalling  them  in  height.  On  the  con- 
fines of  Dorset  and  Devon  it  occurs  in  high  and 
insulated  masses,  called  outliers.  In  the  course  of 
its  progress  to  the  south-west,  the  green  sand  suc- 
cessively overlies  the  terminations  of  the  oolites  and 
the  lias  ;  becoming  immediately  incumbent  on  the 

wer  red  sandstone,  in  the  western  part  of  Black- 
down.  Through  the  isles  of  Purbeck  and  Wight,  it 
attends  the  elevated  strata  of  the  chalk,  with  a  con- 
formable inclination.  Its  hills  do  not  exceed  800  or 
900  feet.  Its  thickness  is  in  many  places  2(X)  feet. 
Jt  forms  a  light  loamy  soil,  of  considerable  fertility. 
From  its  porous  nature,  it  is  often  necessary  to 
pierce  it  deeply  before  wc  reach  the  water  kept  up 
Iby  the  retentive  substratum  of  Weald-clay. 

4.  Chalk  Marl, — This  formation  consists  appa- 
rently of  three  ingredients  intimately  mixed ;  1st, 
cretaceous  matter ;  2d,  argillaceous  matter ;  5d, 
sand.  The  cretaceous  matter  is  harder  than  chalk, 
is  laminated,  and  will  not  mark  like  it.  Its  colour 
is  gray  or  mottled,  and  it  falls  to  pieces  when  wetted 
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and  dried  again.  Where  the  argillaceous  matter 
predominates  much,  a  tenacious  clay  marl  of  the 
ordinary  characters,  and  bluish-gray  colour,  is  the 
result.  And  when  the  sand  is  in  excess,  a  fine- 
grained grayish  sandstone  of  loose  texture  is  pro- 
duced, which  forms  a  connecting  link  with  the 
green  sand  below.  The  more  argillaceous  form 
contains  30  j^er  cen/.  of  carbonate  of  lime  ;  the  more 
cretaceous  82,  with  18  silex  and  alumina  (chiefly 
the  former),  and  a  trace  of  iron.  Beds  of  chert  are 
occasionally  found  in  these  strata  as  at  Reigate, 
and  flinty  nodules  in  some  parts  of  Cambridge- 
shire. The  upper  cretaceous  beds,  near  the  junc- 
tion with  the  chalk,  contain  organic  remains  of 
nearly  the  same  description  as  those  of  the  lower 
chalk,  viz.  nautilus,  inoceramus,  echini^  alcyonia^ 
and  sponges.  The  lower  and  more  argillaceous 
strata  are  distinguished  by  a  great  variety  of  singular 
fossils,  especially  multilocular  shells.  We  have 
several  species  of  ammonites,  nautilus,  hamites, 
scaphites,  turrilites,  belemnites,  dentalium,  vermi- 
cularia,  cerithium,  euomphalus,  patella,  terebratula, 
area,  nucula,  pecten,  inoceramus,  a  variety  of  spa- 
tangus,  madrepores,  and  pentacrinite.  Remains  of 
vertebral  animals  are  not  common ;  but  of  wood, 
numerous  fragments  are  found  with  the  ligneous 
fibre.  The  breadth  of  this  tract  is  generally  from 
one  to  two  miles  ;  and  its  thickness  from  300  to 
400  feet.  The  strata  are  conformable  in  inclina- 
tion to  the  superjacent  chalk,  and  therefore  com- 
monly horizontal,  but  in  the  disturbed  ranges  of 
the  isle  of  Wight  and  Purbeck,  they  are  thrown 
into  an  upright  position.     See  Plates  IV  &  V. 
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§  XI.     THE  CHALK  FORMATION- 

This  stratum  forms  by  its  extent  and  distinctive 
laracters  one  of  the  most  remarkable  mineral  fea- 
tures of  England.     It  would  seem  as  if  an  interval 
}f  time  had  elapsed  between  the  completion  of  the 
talk  beds,  and  the  deposit  of  others  upon  it ;  for  the 
turface  of  the  chalk  at  its  boundary  with  the  super- 
icumbent  layers,  bears  marks  of  having  undergone, 
[during  that  period,  a  partial  destruction  after  it  was 
Iconsohdated.     There  is  spread  over  it,  a  stratum  of 
debris,  consisting  chiefly  of  flints  washed  out  of  its 
rinass.     Moreover,  the  surface  is  irregularly  worn 
rinto  numerous  cavities,  of  which  many  are  deep, 
[and  filled  up  with  the  same  debris.     At  the  junction 
if  the  chalk  with  the  sand  and  gravel  of  the  plastic 
clay  formation,  deep  indentations  are  observed  on 
[its  surface,  which  are  sections  of  long  furrows  and 
[cavities  apparently  produced  by  the  action  of  agi- 
|tated  water  on  the  chalk  before  it  was  protected  by 
;the  covering  of  clay. 

The  enormous  quantity  of  chalk-flint  pebbles 
completely  rolled  and  rounded  which  are  found  in 
the  plastic  clay  to  Uie  south  of  London,  show  that 
tlie  chalk  itself  must  have  been  consolidated  before 
that  partial  wasting  of  its  upper  strata  by  water- 
To  this  hydraulic  action,  MM.  Cuvier  and  Brog- 
luart  ascribe  the  irregular  ridges  and  furrows  on  the 
surface  of  the  French  chalk,  and  the  Meudon  brec- 
cia. The  immense  scale  on  wliich  this  destruction 
was  carried  on  may  be  infierred  from  the  vast  ex- 
tent of  the  English  pebble  beds.  That  a  long 
period  of  time  probably  intervened  between  the 
deposition  of  the  chalk,  and  of  its  clay  coating,  is 
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rendered  probable  also  by  the  total  difference  oi 
the  oi-ganic  remains  ioiind  in  the  two  strata.  By 
such  wasting  causes  the  chalk  must  liave  been 
Ixeducedto  much  narrower  bounds  than  it  occupied 
at  first.  On  the  north  of  Northamptonshire,  oii| 
the  borders  of*  Rutland  and  Leicestershire,  and  in 
tlie  vale  of  Shipstone  in  Warwickslure,  accumula- 
tions of  chalk  Hints,  mixed  with  rounded  fragments 
^of  hard  chalk,  occur  in  such  quantities  as  to  war- 
^Vant  the  idea  of  this  formation  having  once  covered, 
these  districts,  now  50  miles  distant  from  its  nearest 
ine.  The  transition  from  the  chalk  to  the  more 
"recent  deposits  appears  to  have  been  sudden,  not 
gradual.  In  a  few  cases  indeed  a  bed  of  interme- 
diate character,  a  cretaceous  marl,  lies  l>etween 
them ;  which  tends  to  show  that  where  the  series 
of  deposits  was  permitted  to  proceed  quietly,  such 
a  gradation  might  have  gone  on. 

The  band  of  chalk  which  stretches  across  the 
eastern  and  southern  counties  of  England  from 
Yorkshire  to  Dorsetshire  is  to  be  regarded  merely 
as  the  western  edge  of  a  most  extensive  tract  of 
this  formation.  Stretching  from  the  Thames  to 
the  Don  the  chalk  occupies  the  interior  area  of  the 
great  central  basin  of  Europe.  Tliis  concavity  is 
bounded  on  the  north  by  the  primitive  mountain 
districts  ot^  Russian  Finland,  Sweden,  Norway  and  ^ 
Scotland  ;  on  the  west  by  the  transition  and  prirai-  ■ 
tive  chains  of  Cumberland,  Wales,  Devonshire  and 
Brittany ;  on  the  south,  by  the  jirimirive  mountains 
branching  from  the  Cevennes  in  the  centre  of' 
France,  the  Alps,  vnXh  the  various  grand  groups 
of  Germany,  as  the  Black  Forest,  the  Rhingau,  and 
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•the  Vosges,  the  Bohemian,  Thuringian,  Saxon, 
I'Silesian  and  Car])athian  mountains  ;  on  tlie  cast, 
bv  the  Ural  chain  and  its  branches.  The  chalk 
does  not  rest  on  tlie  mountains  themselves  ;  hut 
within  the  area  wliicli  they  circumscribe  at  a  certaui 
distance  from  them,  an  interior  area  may  be  traced, 
over  which  the  substratum  of  chalk  is  believed  to 
extend. 

Through  the  northern  coasts  of  France  it  occu- 
pies an  extent  exactly  corresponding  to  its  line  on 
the  southern  shores  of  England.  At  the  north  of 
the  Seine,  its  outer  edge,  reposing  on  green  sand, 
turns  south,  and  runs  on  to  Biois,  where  the 
deposits  above  the  chalk  overlie  and  conceal  its 
southern  extremity.  It  re-appears  at  Montargis, 
and  bending  again  northward,  forms  a  sort  of  pro- 
montory, passing  east  of  Troyes,  Rheims,  and  Va- 
Iciiciennes,  having  the  green  sand,  oolites  and  lias 

^  cropping  out  further  eastward.  At  Valenciennes, 
most  of  these  formations  are  wanting,  and  the  chalk, 
with  a  few  beds  of  green  sand  (there  called  Tttrtia)^ 
repose  horizontally  on  the  truncated  edges  of  the 
coal  biisin,  extending  along  the  l>anks  of  the  Meuse 

Bto  Liege  and  Aix.  Here  the  coal  is  therefore 
worked  beneath  the  chalk.     Hence  the  chalk  may 

I  be  considered  as  ranging  beneath  tlic  sandy  and 
dihivial  tracts  of  Nortli  Germany  towards  Bcrhn. 
The  whole  of  tliis  territory  is  a  vast  sandy  heath, 
B  covered  with  a  deep  iletritus  of  diluvial  gravel,  in 
the  midst  of  which  occur  enormous  rounded  blocks 
of  granite,  traceable  to  the  opposite  shores  of  the 
Baltic,  exhibiting  one  of  the  most  sublime  pheno- 
mena of  geology.     Nine-tenths  of  this  gravel  are 
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dialk  flints ;  and  Mr.  Conybeare  had  the  sagacit}' 
to  discover  about  half-a-mile  from  Lunebuig,  on  the 
way  to  Hamburg,  a  chalk  pit  which  had  escaped 
the  attention  of  former  obsen'crs.  It  contains  the 
usual  alternation  of  flints,  along  with  good  speci- 
mens of  the  tnoceramuSf  echiniUSy  and  most  of  the 
characteristic  chalk  fosuls.  On  enterii^  Poland, 
the  chalk  lays  aside  the  cloak  which  had  for  a  space 
concealed  it,  and  re-appears  in  a  line  of  hills  nearly 
parallel  to  the  Carpathians.  It  is  finely  displayed 
at  Cracow,  where  it  reposes  on  green  sand,  and 
exhibits  flints  in  abundance,  with  the  customary 
organic  remains*  Passing  thence  by  Lemberg,  it 
appears  to  stretch  into  Russia.  Dr.  Clarke  noticed 
hills  of  chalk  on  the  Don.  Tiie  town  of  Bielogorod 
(white  city),  takes  its  name  from  white  chalky  hills 
in  the  neighbourhood.  Chalk  witli  its  usual  flints 
and  fossils,  was  obsen'ed  by  Engelhardt,  even  in 
the  Crimea,  Chalky  clifls  are  seen  on  the  northeni 
coast  of  the  Island  of  Rugen,  and  on  the  oppoattt 
shore  of  the  Baltic  in  Pomcrania  and  Mecklenburg. 
\  chalk  tract  occurs  near  ^lalmo  in  Sweden.  The 
chalk  is  supposed  to  traverse  Holstein,  to  the  mouth 
of  the  Elbe,  and  thence  crosses  the  German  Ocean^ 
to  Hamborough-head  in  Yorkshire.  Thus  is  com- 
pleted its  great  circuit. 

This  extensive  chalk  tract  presents  a  remarkable 
unitbrmity  of  geological  character  ;  and  proves  the 
general  action  of  tlie  causes  which  produced  mine* 
ral  deposits.  The  organic  remains  abo,  to  the 
amount  of,  at  least,  eight-tenths,  are  common  to 
all  the  locaUties  in  which  chalk  has  been  recognised; 
as  in  England,  France,  the  Netherlands,  Germany^ 
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and  Poland,     Mr,   Conybeare  says  he  has  never 

m  a  fossil  from  any  tbrei{2;n  chalk-pit  to  which  an 

tnalogue  might  not  be  produced  from  the  pits  of 

lis   island.     These   arc   important   facts.      They 

lemonstrate  that  formations  in  very  distant  regions 

lit  of  comparison  on  satisfactory  principles  ;  and 

[ollustrate  the  value  of  organic  remains  in  cstablish- 

ig  these  comparisons. 

Partial  chalk  tracts  occur  beyond  the  precincts  of 

le  preceding  European  area.     A  remarkable  depo- 

it  of  chalk  forms  the  basis  of  the  great  basaltic 

•ea  in  the  north-cast  angle  of  Ireland.     It  con- 

tins   flints,   agrees   in    its   organic   remains   with 

•England,  and  rests  on  green  sand  (called  Mulatto). 

•Tbe  thickness  of  that  deposit  docs  not  exceed  300 

feet. 

It  is  remarkable  that  America,  both  South  and 
;>Iorth,  seems  to  be  destitute  of  chalk  ;  Mr.  Maclure 
:rting  positively  that  it  does  not  exist  on  that 
rontinent. 

Chalk  is  well  known  to  have  an  earthy  dull  frac- 
ture and  a  meagre  touch,  but  it  occasionally  con- 
iretes  into  a  hard  hmestone.  This  compact  chalk 
has  been  used  in  building.  As  this  formation  is 
roraposed  throughout  of  a  series  of  homogeneous 
teds,  of  a  tender  earthy  limestone,  it  does  not  admit 
['  stratiform  subdivisions. 

But  the  numerous  beds  of  nodular  flints  which 

ie  alternately  distributed  through  the  greater  part 

^'  its  mass,  form  one  of  its  most  curious  and  essen- 

ial  features.    They  are  constantly  present  in  all  tlie 

ipper  portions  of  the  formation,  but  are  frequently 

absent  in  the  lower ;  aflTordiog  a  criterion  by  which 
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the  two  may  be  distinguished.  Hence  the  meMbk 
ing  of  the  terms  upper  and  lower  chalk.  Flints 
freshly  taken  from  their  native  bed,  exliihit  in  their 
fracture  an  appearance  of  moisture.  They  have 
indeed  been  produced  most  probably  by  the  iniiltra- 
tion  of  siliceous  water  through  the  particles  of  silica 
originally  deposited  among  the  chalk,  some  of  which 
are  still  to  be  discerned.  We  can  sec  chalc©. 
donies  now  forming  by  the  percolation  of  water 
through  siUceous  substances.  Tlie  presence  of  a 
sponge  or  alcyonium  seems  to  have  been  peculiarly 
favourable  to  the  formation  of  chalcedony  in  chalk. 
Wherever  chalcedony  occurs  in  flint,  a  careful 
examination  will  detect  traces  of  these  zoophytes. 
Beautiful  figures  are  often  produced  by  their 
fications,  radiating  through  the  chalcedony ;  appear- 
ances which  become  more  \isible  when  this  hydro- 
phanus  stone  is  plunged  in  water. 

Iron  pyrites  is  the  only  mineral  substance  com- 
mon to  all  the  chalks,  and  it  is  found  in  most,  if  not 
ill  the  beds,  where  it  varies  in  size  from  a  pea  to  an 
orange.     The  notlules  are  crystalline,  with  a  tibroits 
f;and  diverging  fracture.     Enormous  blocks  of  car- 
tbonate  of  lime  occasionally  occur. 

Orgajiic  Remains, — The  individual  exu 
though  numerous,  belong  to  a  few  genera 
probably  not  a  single  species  will  be  found,  iden 
cal  in  all  its  characters  with  any  now  known  to 
exist.  Among  the  remains  of  vertebral  fish,  we 
may  specify  teeth  of  a  species  of  shark,  perhaps 
akin  to  the  squalus  galeus,  two  varieties  of  tlie 
grinding  palatal  bones  belonging  to  unknown 
genera,  with  vertebrte,  and  scales.     Of  multilocular 
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univalves  we  have  the  following  genera ;  ammo- 
nites, scaphites,  beleninites ;  but  the  first  rarely 
occurs  in  the  upper  chalk,  and  the  second  only  in 
the  lower.  The  varieties  are  peculiar  and  charac- 
teristic of  these  beds.  There  are  few  spiral  univalves 

\n  the  chalk  ;  though  they  abound  in  the  newer 
beds  above  it.  Tlie  genera  trochus.  cirrus,  and 
turbo  are  mentioned.  Serpula?  and  spirorbes  are 
not  uncommon.  Ostrea,  pectcii,  tercbratula;, 
magas,  plagiostoma,  dianchora,  inoceramus,  are 
;enera  of  bivalves  which  occur ;  the  four  last  being 
extinct.     A  species  of  balamts^  of  the  multivalves, 

Hias  been  found.     See  Plate  V. 

The    echinite   family    comprehending   spatan- 

IS,    cidaris    and    ananchytes,   may   be    deemed 

iharact eristic  of  tlic  chalk   formation,  affording  of 

'itself  as  many  shells  as  all  the  other  testacea  do. 
Many  species,  and  one  entire  genus  are  peculiar  to 
it*  Thus  we  have  the  helmet 
shaped,  the  conical,  the  heart- 
shaped  Spatangus  Cor  angui- 
num^  (see  figure  on  margin;) 
tl)e  spheroidal,  the  cidaris 
papillata,  cidaris  variolata ; 
See  Plate  V.  Of  the  star- 
fish  (asterias)   4  species  are  _ 

^figured  by  Mr.  Pai-kinson  as  belonging  to  the  chalk 
in  his  beautiful  representations  of  organic  remains. 

t  Of  the  zoophytes,  the  family  encrinus  has  left 
several  genera  in  the  chalk  ;  pentacrinus  j  straight 
encrinus ;  bottle  encrinus  j  stag's  honi  encrinus  j 
which  are  all  extinct. 

The  tortoise  encrinus,  or  marsupite  also  occurs. 
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It  is  known  merely  as  a  fossil,  and  is  peculiar  to  the 
chalk. 

Only  one  species  of  the  iamily  madrepore  has 
yibeen  observed. 

Numerous  cxuvige  have  .been- 
found  of  the  families  Akyonium 
(see  figure  on  margin),  and  Sponglcu 
Their  interior  substance  consists  of 
interwoven  fibres,  penetrated  by 
pores,  formed  by  reticulations  which 
sometimes  run  confusedly  togetlier, 
and  which  at  others  are  regularly  decussated. 

The  chalk  formation  of  England  stretches  with 
little  interruption  from  Flamborough-head  to  near 
Sidraouth,  forming  a  range  of  hills  which  are  often 
pretty  high,  with  their  precipitous  escai-pment 
generally  on  the  north-western  side.  The.se  cliftifc 
exhibit  at  their  summit  tlie  superior  soft  chalk* 
replete  with  horizontal  layers  of  flint :  and  at  their, 
bottom,  hard  chalk  with  lew  flints.  Magnificent 
arches  open  into  the  mountain  mass  of  Flam- 
borough-head, on  the  north,  ibrming  vast  portico 
to  its  immense  caverns,  some  of  which  are  exceed- 
ingly sombre,  while  others  give  a  cheerful  and 
romantic  passage  to  the  light  In  the  Yorkshire 
and  Lincolnshire  wolds,  the  chalk  tract  has  an 
average  breadth  of  ratlier  more  than  six  miles. 
From  Bridlington  Bay  the  chalk  proceeds  inland, 
and  rises  into  liilJs,  wlxich  have  nearly  a  western 
ilirection  tor  about  15  miles,  with  tlieir  escarpment 
facing  the  north,  'lliese  hills  tiicn  tuni  soutliward, 
and  terminate  at  the  Ilumber.  Near  the  eastera- 
most  point  of  the  Lincolnshire  coast,  the  chalk  dips 
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beneath  alluvium^  wlience  it  re-appears  on  the  north- 
western point  of  Norfolk,  adjoining  tlie  Wash. 
From  Cambridge,  the  western  limit,  it  runs  south- 
west, rising  at  Rayston-dowiis  into  a  range  of  liills 
which  continue  through  Herts,  Bedfordshire,  and 
Buckiiighauishire  to  Goring  in  Oxfordshire  ;  a  dis- 
tance of  about  75  miles,  with  an  average  breadth  of 
15  miles.  It  is  there  crossed  by  the  valley  of  the 
Thames.  From  the  summit  of  its  north-west 
escarpment,  it  declines  gradually  to  the  south-east, 
and  dips  beneath  tlie  ujjper  bed  of  the  London 
basin.  On  the  west  of  the  Thames,  the  chain  is 
continued  to  Marlborough-downs,  and  thence  to 
Bagdon-liill  in  Wilts.  It  is  thus  connected  with 
the  cretaceous  district  of  Hampshire,  being  50 
miles  in  its  longest  diameter.  Its  shortest  from 
Borth  to  south,  is  about  20  miles.  This  vast  area 
is  the  central  chalk  region,  from  wJiich  its  branches 
diverge  over  the  island.  The  hills  above  Selbourne 
form  its  limits  on  the  east  j  tliose  skirting  the  vale 
of  Warminster  on  the  west,  and  on  the  north,  Ink- 
pen-hill  to  the  south  ot  Salisbury ;  its  highest  sum- 
mit is  1011  feet  above  tlie  level  of  the  sea.  Much 
of  the  area  thus  circumscril)ed  lies  in  Salisbury 
plain.  Another  chain  is  detached  from  the  north- 
east angle  of  the  great  central  mass  near  Farnhuin, 
extending  to  the  Straits  of  Dover  near  Folkestone 
to  form  the  North  Downs  of  Surrey  and  Kent 
This  chain  bounds  the  London  basin  on  the  south, 
as  the  ibrmer  did  on  the  nortli.  Its  escarpment 
runs  from  west  to  east  by  Guildlbrd,  Dorking, 
Seven  Oaks,  Maidstone,  Folkatone,  and  tlie  chfts 
of  Dover.     The  highest  point  is  at  Botley-hilL 
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IB   Isle  of  Thanet,  ihougli  wholly  chalk,  is  not 
lonnected  witli  the  preceding  chain,  but  is  sepa- 
rated by  a  trough  filled  with  the  materials  of  \h^\ 
upper  strata,  out  of  which  its  beds  rise  towards  the 
north-east.     Between  Beachy-head,  and  Brighton, 
htlie  coast  section  oi'the  chain  exhibits  a  magniiicent 
range  of  chalky  cliffs.     This  chain  descends  to  the 
south  beneath  the  tertiary  strata,  which  occupy  the 
basin  of  the  Isle  of  Wight.    These  are  bounded  oa 
the  north-east  by  the  chalk.     Here  it  is  known  by'l 
the  name  of  the  South  Downs,  being  on  an  average! 
about  5  miles  in  breadth.    Its   highest  point  is] 
Butser-hill  in  Hampshire,  917  ftet  above  the  levelj 
of  the  sea. 

From  the  south  of  tlie  great  central  mass  ne: 
Salisbury,  a  chain  of  the  chalk  is  detached  through^ 
Dorsetshire,  to  bound  the  Isle  of  Wight  basin  on  the, 
north-west.  It  extends  to  the  north  of  Beaminster,' 
forming  Horn-hill,  which  is  its  extreme  point 
connexion  in  the  west  of  England,  exclusive  of  aj 
iew  oudying  masses,  reposing  upon  and  surrounded 
by  beds  of  green  sand.  At  the  peninsula  of  Purbcck^l 
the  chalk  which  lies  usually  in  horizontal  beds,' 
assumes  a  nearly  vertical  direction,  exhibiting  at 
Handfast  point  some  of  the  most  singular  phenomena 
in  stratification  which  geology  has  described. 

The  chalk  formation  presents  considerable  undu^ 
lations  of  surface,  rising  occasionally  into  hills 
remarkable  for  their  smooth  rounded  outline,  anJi 
deep  lateral  hollows  and  indentations-  These  hill» 
have  a  precipitous  escarpment  on  one  side,  which 
in  the  Yorkshire  and  Dorsetshire  range  is  to  the 
north-west,  with  a  gentle  slope  to  the  south-east. 
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The  ranges  are  frequently  broken  through  by  trans- 

tverse  valleys,  the  manner  of  whose  connexion  with 

lie  longitudinal  valleys  at  the  foot  of  the  chain, 

iroves  that  tliey  have  not  been  excavated  by  the 

:tion  of  the  rivers  now   flowing  through   them. 

'hey  are  evident  results  of  diluvial  waters  scooping 

lut  in  their  retreat  wide  troughs  among  these  semi- 

[durated  lands. 

The  aggregate  thickness  of  the  upper  and  lower 
:halk  is  estimated  by  Professor  Buckland  at  .580 
Feet,  each  of  the  two  beds  being  almost  equally 
.thick.    Near  Dover,  however,  the  flint-chalk  is  480  ; 
:hat  without  flints  is  onJy  140  •,  at  Handfast  point, 
;he  former  is   600,  and   the  latter  'iOO  feet.     In 
roany  places  the  total  thickness  is  1000  feet.     In 
^digging  wells,  the  chalk  has  been  frequently  pierced 
"very  deeply;  near  Ratliby  in  Lincolnshire,  to  300 
feet ;  in  Bedfordshire,  to  400 ;  in  Kent  near  Sitting- 
borne,  to  363  I  in  Surrey  near  Dorking,  to  440, 
ft^ut  we  do  not  know  that  any  of  these  perforations 
■have  passed  through  the  chalk.     The  dip  of  the 
Kchaik  beds  is  in  general  inconsiderable. 
^     The   flinty  chalk  forms  everywhere  the  upper 
layer  of  this  great  deposit. 

Messrs.  Cuvier  and  Brogniart  represent  the  chalk 

deposit  as  forming  a  sterile  soil ;  and  adduce  Cham- 

lagne  as  a  proof  of  its  being  in  some  cases  unin- 

labitable.     In  our  country,  the  population  of  the 

:halk  district  is  less  dense  than  that  of  any  of  the 

>ther  secondary  strata,  but  it  is  always  habitable, 

id  therefore  productive  in  some  degree.  Dunstable 

Downs  and  Lulon  Downs   in   Bedfordshire,  with 

the  Warden  White  Hills,  he  indeed  as  nature  left 
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them  over  a  tract  of  4O0  acres.  The  chalk  valleys, 
however,  are  often  extremely  fertile ;  of  which  the 
Kent  and  Surrey  hop  grounds,  and  the  Downs  for 
pasturing  sheep,  afford  examples.  Beech  is  th« 
tree  best  fitted  for  a  chalky  soil.  The  Chiltem  hilU 
in  Oxfordshire,  were  anciently  covered  with  thickets 
and  woods  of  beech,  which  afforded  harbour  to 
banditti.  Hence  the  steward  of  the  Chiltem  hun* 
dreds,  formerly  an  employment  under  the  crown, 
has  become  a  nominal  office,  which  members  of 
parliament  take  under  a  fiction  of  law,  in  order  to 
vacate  their  seats. 

The  lower  beds  of  the  chalk  formation,  are  with 
few  exceptions  filled  with  water,  which  percolating 
from  above  is  arrested  by  the  subsoil  of  blue  cUy«. 
Thus  are  formed  the  springs  and  rivulets  which 
issue  near  the  foot  of  every  chalk  hill.  Most  of  the 
rivers  which  traverse  this  formation,  rise  in  thti 
older  rocks  beyond  its  escarpment,  and  flow  aloD^ 
the  valleys  that  are  excavated  across  its  chain.  The 
chalk  is  often  nearly  dry  to  a  great  depth ;  the  well 
sunk  4(X)  feet  at  Royston  in  Hertfordshire,  atfbrded 
no  water.  For  particular  views  of  the  sections  o 
Uie  chalk  formation,  throughout  England,  1  refeD 
to  Messrs.  Conybeare  and  Phillip's  excellent  work, 
p.  H9f  el  seg. 

On  the  coasts  of  France  opposite  to  the  English 
chalk  country,  a  series  of  sections  may  be  observed 
almost  exactly  answering  both  in  character  and 
position  to  those  now  briefly  traced,  but  fuUr 
described  in  the  above  work,  demonstrating  that 
the  constituent  strata  had  been  continuous  at  some 
ancient  epoch.     The  corresponiling  points  between 
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the  cliffs  on  each  side  of  the  Straits  of  Dover  are 
too  remarkable  for  us  to  esteem  their  former  con- 
tinuity an  hypothesis.  That  tlie  connecting  mass 
has  been  apparently  washed  away  by  an  irruption 
of  the  sea,  may  be  inferred  from  the  fact  tliat  the 
chalk  without  flints  on  the  west  of  Dover  is  not  less 
than  50  feet  in  tliickness,  while  that  of  Cap  Blanc 
Nez  is  scarcely  30  feet  thick,  while  each  of  the 
superjacent  strata  is  thinner  in  the  same  proportion 
on  the  French  point,  that  at  Dover.  Hence  the 
heights  of  the  clifis  on  the  opposite  shores  is  very 
different;  that  immediately  on  the  west  of  Shake- 
speare's Cliff  being  at  least  500  feet,  while  that  of 
Cap  Blanc  Nez  is  not  more  than  300.  It  may 
therefore  be  concluded  that  the  sti-ata  in  the  neigh- 
bourhood of  Calais  once  constituted  a  part  of  that 
tract  now  termed  the  chalk  basin  of  London.  The 
chalk  chains  between  the  two  countries  may  have 
tad  originally  a  lower  level  than  on  either  side, 
whence  the  work  of  excavation  would  be  easier. 

From  the  low  and  marshy  grounds  near  Calais, 
between  that  town  and  Uisant  a  range  of  chalky 
cliffs  faces  tliose  of  Dover,  exhibiting  like  interior 
'Subdivisions;  viz,  1,  Chalk  with  flints  on  the  sum- 
mit of  the  cliffs  ;  then,  2,  Chalk  witli  few  flints ;  3, 


A  bed  with 


remains ;    4,    Chalk   without 


flints ;  5,  Gray  chalk.  2'he  strata  rise  ujidcr  a  low 
\wmgle  westward^  and  near  St,  Pol,  as  at  Folkstonct 
»»re  succeeded  by  the  substrata  of  blue  marl,  and 
Igrcen  sand.  At  Treport,  about  12  miles  eastward 
\oi  Dieppe,  the  principal  range  of  the  chalk  cliffs  on 
;he  French  coast  commences,  from  which  point, 
ley  extend  about  60  miles  to  Cape  La  Hove  near 
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the  mouth  of  the  Seine,  exhibiting  a  broken  barrier 
of  a  dazzling  white.  Near  Cape  de  Caux,  are 
some  remarkable  insulated  pyramids  of  chalk 
resembling  in  form  and  circumstances  the  NeedJei 
of  the  Isle  of  Wight.  They  are  also  called  les  Ai- 
guilles. The  most  lofty  and  striking  point  of  these 
cliffs  is  at  Fecamp,  where  tlie  height  is  about 400feet* 

CHAP.  V.^8TRATA  ABOVE  THE  CHALK,  OR  TERTIARY 

ROCKS. 

These  consist  of  various  beds  of  sand,  clay,  marl* 
and  imperfectly  consolidated  limestone.  They 
occupy  t^o  extensive  tracts  in  England,  each  cir- 
cumscribed by  the  hills  of  the  chalk  formation, 
excepting  where  the  line  of  sea-coast  crosses  theb 
areas  and  conceals  their  continuation.  The  most 
northerly  of  these  subjacent  chalk  strata  is  denomi- 
nated the  London  basin,  the  southern  is  the  basin 
of  the  Isle  of  Wight.  The  boundary  of  the 
first  of  these  basins  may  be  defined  generally  by  a 
line  drawn  from  the  inner  edge  of  the  chalk,  soutii 
of  Flamborough-head,  nearly  south wiu'd  till  it 
crosses  the  Wash,  then  south-west  to  the  upper  pan 
of  the  valley  of  the  river  Kennet  near  Hungerford 
in  Wiltshire,  and  thence  tending  south-east  to  the 
north  of  the  Thames,  and  the  north-west  angle 
of  the  Isle  of  Thanet,  In  all  these  directions,  tlie 
chalk  hills  form  the  outline ;  while  the  German 
Ocean  is  the  eastern  boundary.  The  Isle  of  Wight 
basin  is  similarly  circumscribed  by  chalk  hills. 
The  Tertiary  llocks  are  as  follows  : 

I.  Plastic  Clay,  immediately  over  the  chalk. 
II.   London  Clav. 
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III.  Fresh  Water  formations. 

IV.  Upper  Marine  formation ;  Crag  and  Bag- 
shot  sand. 

§  !.  PLASTIC  CLAY  FORMATION. 

Viewed  as  a  whole  this  forniution  consists  of  an 
lirdefinite  number  of  sand,  clay,  and  pebble  beds, 
in  irregular  alternation.  In  England,  the  sands  are 
the  most  extensive  of  these  deposits  ;  among  wliich 
the  clay  and  pebbles  are  suhordinately  placed  at 
unequable  intervals.  On  attentive  investigation 
over  a  wide  surface,  these  alternate  layers  above 
the  chalk,  will  be  found  to  form  only  one  nearly 
contemporaneous  series,  between  the  chaik  and  the 
-London  clay.     The  plastic  clay  of  tlie  Paris  chalk 

lasin  consists  commonly  of  two  beds  separated  by 
stratum  of  sand,  of  which  the  lower  is  properly 

the  plastic  clay.  It  is  unctuous,  tenacious,  with 
^Bome  siliceous  matter,  but  no  calcareous,  and  quite 
refractory  in  the  furnace,  provided  that  there  be 
little  iron  intermixed.     Its  colour  is  very  variable ; 

i' white,  gray,  yellow,  gray  mixed  with  red,  or  almost 
fpure  red.  The  clay  is  used  according  to  its  quality, 
^for  fine  or  coarse  pottery,  The  French  santls  have 
a  great  variety  of  colours.  In  the  lower  strata  of 
^the  Paris  plastic  clay  bed  an  imperfect  coal  occurs. 
In  England  the  sands  of  this  formation  are  in 
some  places  of  an  almost  infinite  variety  of  colours, 
as  at  Alimi  Bay  on  the  coast  of  the  Isle  of  Wight, 
and  it   is   sometimes   aggregated   into  sandstone. 

I  The  clays  differ  in  colour  and  quality,  and  are  some- 
times  laminated.  They  are  called  fire-clay,  brick- 
clay,  pipe-clay,  and  potter's-clay  ;  the  two  latter 
occur  at  Poole  and  the  Isle  of  Wight.     Beds  of 
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wood  coal  have  been  observed  in  the  Isle  of  Wiglit, 
in  Dorsetsliire,  and  at  Newhaven  ;  and  fuller's  earth 
in  the  beds  at  Catsgrove  near  Reading,  and  on  the 
Edgeware  road.  In  all  these  particulars,  a  close 
analogyexifltsbetween  the  French  and  English  basins. 

Pyrites,  selenite,  fibrous  gj'psum,  and  tubular 
ironstone,  are  the  mineral  contents  of  this  formation. 
They  occur  in  veins.  There  are  also  nodules  of  a 
dark  coloured  limestone. 

Among  the  organic  exuviae  of  tlie  plastic  clay 
beds,  we  have,  ostrea*,  cerithiffi,  turritellie,  cy- 
therea?,  cycladcs,  &c.  along  with  the  teeth  of  fish, 
woody  fibre  passing  into  coal,  occasionally  exhibit- 
ing unchanged  branches  and  leaves  of  plants. 
Fossil  bones  have  been  also  noticed  in  it,  near 
Margate.  These  exiivijE  aie  as  irr^ularly  distri* 
buted,  as  the  constituent  layers  of  the  formation 
itself;  for  they  appear  sometimes  in  the  clay,  and 
sometimes  in  the  saud  and  pebbles,  and  are  often 
absent.  Thus,  lor  example,  we  find  no  vestige  of 
animal  or  vegetable  bodies  in  any  of  the  strata  of 
tlie  plastic  clay  at  Heading  in  Berkshire,  except  in 
tlie  occasional  green  sand.  The  same  baiTenness 
is  to  be  observed  in  the  piuest  plastic  clay  of  Paris, 
and  of  the  Isle  of  Wight  and  Corfe  Castle. 

Mr.  Webster  has  ascertained  that  the  vegetables 
in  this  formation  at  Newhaven,  agree  with  those 
found  in  the  Paris  basin.  One  of  them  was  the 
fruit  of  the  palm-tree,  furnishing  another  instance 
of  the  presence  in  our  cold  strata  of  the  exotics  of 
a  hot  climate-  This  formation  visibly  discovers  it- 
self as  superjacent  on  the  London  chalk,  and  is  seen 
to  skirt  the  whole  strata  of  the  London  clay  which 
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covers  it.  Foitlic  range  and  extent  of  the  English 
plastic  clay,  see  GeoL  qf  Eng.  p.  39,  The  thick- 
ness of  this  formation  does  not  seem  to  have  been 
ascertained  in  many  points.  Chalk  has  been  found 
beneath  its  surface  near  Wormley  Bury  in  Hert- 
fordshire, just  beyond  the  boundary  of  the  clay,  at 
100  teet  below  the  surface,  which  appears  to  be  its 
thickness  also  near  London.  Hound  Woolwich  it 
sometimes  amounts  to  nearly  200  feet.  In  the  Isle 
of  Wight,  the  apparent  thickness  is  no  less  tlian 
1100  feet,  which  is  probably  from  being  squeezed 
up  by  violent  lateral  pressure,  into  a  vertical  posi- 
tion, a  result  quite  compatible  witli  the  loose  state, 
(Fig.  Conyb.  pi.  *2,  fig.  6.)  In  dip,  the  plastic  clay 
usually  conforms  to  the  subjacent  chalk.  Tiie  fol- 
lowing downward  section  of  strata  at  Catsgrove  hill 
ucar  Reading,  will  give  an  accurate  idea  of  the  ter- 
tiary formations,  and  the  plastic  clay  beds  in  that 
locality. 

SECTION  OF  CATSGROVE  HILU  NEAR  READING. 

EM. 

1.  Alluviuiu  of  day,  sand  and  gravel,  covered  with  vegetable  mould. 

2.  Soft  loiuii,  of  soft  sand  mixed  with  flakes  of  ash-coloured  clay, 

whh  niufh  iron  shot  and  [lyritous  nodules  in  the  lower  portions,  1 1 

3>  Dark  red  clay  partially  mottled  and  mixed  with  gray  clay,         .  4 

4.  Light  lush  coloured  clay,  mixed  with  fine  san  d  ;  used  for  bricks,  7 

5.  Fine  micaceous  sand,  laminated,  with  clay  and   iron-shot ;  used 

for  making  tilefi, •         .  4 

ti.  Bod  called  the  White  vein.     An  ash-coloured  sand,  mixed  with 

a  little  clay ;  used  for  bricks, 5 

7.  Dark  retl  clay  mottled  with  blue,  with  n  little  iron-shot ;  used 

for  tiles, 6 

^.  Lowe«c  brick  clay,  of  a  light  gray  colour,  ntixed  with  fine  sand, 

and  a  little  iron-shot, 5 

!).  White  solid  used  in  brick  making,             4 

10.  FullerV  earth,          ........  3 

L^U  Ycllowiah  quartzosc  sand,  with  a  few  green  particles,                  .  6 
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12.  Siliceous  sand  mixed  with  particles  of  green  earth,  containing 
chalk  Hints,  l>oth  angular  and  rolled,  oysters,  with  many  Rmall 
and  nearly  cylindrical  teeth  of  fish,  from  an  inch  to  ]-l?th  in 
length,         .        .        .        .        • 3 

57 
la  Chalk  containing  the  usual  fossils  and  flints,  depth  unknown. 

The  red  clay  of  Reading  (No.  7-)  is  quite  identic 
cal  with  that  of*  Meudon  in  France.  The  oyster 
shells  of  No.  1*2  are  remarkably  perfect  when  first 
laid  open,  and  seem  to  have  suffered  no  mineralisa- 
tion ;  but  they  soon  fall  to  pieces  on  exposure  to 
air,  having  lost  their  albuminous  cement.  The 
angular  flints  seem  to  have  proceeded  from  the 
partial  destruction  of  the  immediately  subjacent 
chalk,  the  upper  surface  of  which  in  contact  witJi 
the  sand  is  considerably  decomposed  to  the  depth 
of  about  a  foot.  Its  fissures  and  numerous  small 
tubular  cavities,  probably  caused  by  the  decay  of 
organic  substances,  are  filled  with  granular  particles 
of  the  green  earth  and  siliceous  sand  of  the  incum- 
bent stratum.  Many  of  the  subdivisions  noted  in 
the  above  section,  do  not  appear  in  other  places, 
showing  the  irregularity  of  the  interior  distribution 
of  the  strata.  Several  other  instructive  sections 
will  be  found  in  the  Geology  qfE?tgland,p,  44,  eiseq. 

5  II.  LONDON  CLAY. 

This  great  argillaceous  formation  is  highly  inter- 
esting from  the  variety  of  its  organic  remains,  both 
animal  and  vegetable,  and  from  the  conclusions 
which  these  warrant,  that  as  their  species  can  be 
completely  identified  in  but  a  few  instances  with 
recent  analogues,  the  London  clay  is  therefore  a 
much  more  ancient  deposit  than  the  beds  inmie- 
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diately  over  it,  which  do  contain  specimens  of  exist- 
ing species.  The  same  inference  follows  from  the 
London  clay  having  been  raised  into  a  vertical 
position  in  the  Isle  of  Wight,  while  it  lay  uncov- 
ered ;  for  the  upper  beds  now  repose  horizontally 
on  its  truncated  upright  edges.  It  must  have  lain 
tm  sufficient  time  to  acquire  solidity  before  being  so 
[litted  up,  and  covered  witli  the  newer  horizontal 
deposits. 

Tills  formation  is  composed  almost  wholly  of 
bluish  or  blackish  clay,  of  a  very  tough  quality.  A 
few  of  its  strata,  indeed,  are  sometimes  of  a  marly 
nature,  eflervescing  somewhat  briskly  when  im- 
^mersed  in  an  acid.  It  contains  a  great  deal  of  green 
eartli  in  the  Isle  of  Wight ;  considerable  beds  of 
sandstone  occasionally  occur,  as  the  Bognor  rocks, 
the  Barns  rocks,  the  Roundgate  and  Street  rocks, 
and  Mixen  rocks  to  the  south  of  Selsca.  Beds  of 
stratified  limestone  appear  in  the  clay  cliffs  near 
Harwich  in  Essex.  The  following  section  of  a  well 
at  Twyford  near  Acton  in  Middlesex,  w^ill  show 

le  interior  structure  of  this  formation. 


SECTION  OF  LONDON  CLAY- 

1.  Yellow  clay, 38 

2.  Lead  colotirtHl  clay,  containing  some  fossil  wood  at  188, 

and  sheila  at  200  feet  from  the  Hurfacc,      .        .        .  17U 

3.  Rock,  > 

4.  Sand  and  clay  with  pebbles, )         '        '         *        *         •       « 

5.  Van^ated  clay,  red,  blue  and  black,       ,        ,        .        ,32 

6.  Sand  and  water,  thin. 

7.  Clay. 

The  section  at  the   Highgate  tunnel,  disclosed 
the  following  strata. 
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I.  Dilurial  detntus  consisting  of  flint  and  gravel,  sand,  and 

k>am,  occasionally  concreted  by  iron,  r         .         .10 

jd.  lioani  with  a  few  nuu'ly  concretions,  but  bo  septaria,  pdi- 

bles,  or  shells,  ........     30 

3.  Blue  clay  n-ith  septaria  and  shells,  hardest  in  the  lowest 

layers, «5 

lOA 

Thecakaire  grassier  of  the  Paris  strata,  whic 
lies  immediately  under  the  surface  of  tJie  soil  and 
dihivium,  corresponds  most  nearly  in  its  fossils, 
its  geological  relations,  with  tlie   London  clay 
the  English  series.     It  is  used  in  tliat  capital  at 
building  stone.     No  beds  have  l*een  discovered  ia 
the  London  basin  whicli  make  a  ne;irei'  appr 
to  the  French  lirae-crag  in  cliemical  autl  e 
characters  tlian  the  calciu'eous  sandstone  pat 
above  mentioned. 

Whenever  the  Ix>ndon  clay  occurs  in  a  cliff,  or 
has  been  laid  open  in  sinking  wells,  it  has  been 
tbund  uniformly  to  contain  nearly  horizontal  lavers 
of  ovate  or  flattish  masses  of  argillaceoiLs  liniestoQe. 
These  have  been  called  septaria^  because  tiiey  gen^» 
rally  exhibit  the  appearance  of  having  beeii  tra- 
versed in  various  directions  by  fissiu"es,  afterwards 
filled  up  wholly  or  partially  by  calcareous  spar  or 
sulphate  of  harytes.  They  were  considered  at  one 
time  as  characteristic  of  the  London  clay;  but 
tliey  are  not  uncommon  in  the  superficial  clay  beds 
of  coal  districts.  They  abound  in  such  a  degree  in 
the  lias  at  Whitby,  as  to  have  acquired  for  the  stra- 
tum in  which  they  lie,  the  name  of  cement  stone, 
as  already  mentioned  under  that  head. 

Tlie  London  clay,  therefore,  is  a  vast  argillaceous 
deposit,  containing  subordinate  beds  of  calcareous 
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concretions,  which  sometimes  form  solid  rocks,  but 
these  partial  changes,  never  affect  the  general  char- 
acter of  tlie  formation. 

Interspersed  tlirough  it,  we  find  sulphuret  of 
>iron,  selenite,  and  sometimes  phospliate  ol'  iron, 
^substances  which  impregnate  any  water  which  issues 
[iromthis  stratum,  and  make  it  unfit  for  domestic  use. 
The  mineral  copal  or  resin  which  was  discovered  in 
[^excavating  Highgate  archway,  though  manifestly 
vegetable  product,  may,  in  its  fossil  state,  be 
classed  among  die  contents  of  this  formation.  In 
the  gravel  about  London,  amber  has  also  been 
ibund,  as  also  in  the  cliffs  of  brown  clay  on  the 
coast  of  Holdemess,  in  the  south  of  Yorkshire,  It 
may  most  probably  be  assigned  to  the  London  clay, 
since  it  occurs  in  the  contemporaneous  formations 
of  Europe,  in  Italy,  France,  and  es]>ecially  Prussia, 
associated  with  avast  quantity  of  vegetable  remains. 
Few  mineral  strata  claim  a  greater  interest  than 
this  fonnation  does,  by  its  organic  remains.  Among 
tiie  amphibious  class  of  tlie  liigher  orders  of  animals, 
we  find  here  crocodiles  and  turtles ;  proving  that 
the  shores  of  some  dry  land,  wlierc  these  creatures 
could  deposit  tlieir  eggs,  must  have  lain  within 
an  accessible  distance  of  their  abode.  Several 
species  of  vertebral  fish,  arc  found  in  fine  preserva- 
tion, which  merit  the  study  of  tlie  comparative 
anatomist.  Among  crustaceous  fish  we  may  enu- 
merate species  of  the  crab  and  tlie  lobster. 

The  testaceous  cxuvia?  are  very  numerous,  and 
so  well  preser\'ed,  as  to  have  the  freshness  of  recent 
shells.  With  respect  to  generic  character,  there 
are  few  existing  shellfish  which  are  not  represented 
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by  types  iii  the  London  clay  ;  but  in  specific  char- 
acter  there  is  a  frequent  difference.  Of  the  extinct 
genera  which  are  so  common  in  the  deeper  seated 
strata,  few  specimens  occur  in  tliis,  showing  the 
intermediate  epoch  of  its  formation.  Thus  though 
nautilites  resembling  those  of  the  Indian  seas  are^ 
still  common,  ammonites  and  belemnites  are  so  rare, 
as  to  render  it  doubtful  if  any  be  really  buried  in 
the  clav.  Ammonites  and  belemnites  mav  occur 
superficially  which  have  been  detached  and  drifted 
from  tlie  inferior  oolites.  Echinites  so  common 
in  tlie  chalk,  are  seldom  seen  in  this  superior 
stratum. 

M.  Defrance  has  collected  in  the  corresponding 
geological  formation  at  Grignon,  near  Paris,  800 
different  species  of  shells,  besides  serpula;,  siliqua- 
ria,  dentalia,  and  a  few  echinites  and  madrepores. 
It  is  probable  that  if  an  equally  skilful  and  zealous 
conchologist  were  to  explore  the  Hordwell  cliff  in 
Hampshire,  he  would  find  corresponding  species, 
and  numbers  of  shells.  In  the  lower  beds  of  thej 
French  calcaire  grassier  at  Liancourt,  Mr.  Webstei 
observed  an  exact  accordance  in  organic  remains' 
with  the  beds  of  the  London  clay  at  Stubbington. 

Zoophytes  and  encrinites  are  likewise  very  rare*] 
Portions  of  wood  occur,  which  are  fibrous  at  one 
time  and  charred  at  others.  These  exhibit  the  per* 
forations,  and  even  contain  the  casts  of  an  animal 
analogous  to  the  teredo  naraliSj  or  borer,  which 
now  commits  great  havock  on  the  planks  of  ships 
in  tropical  seas.  In  the  heart  of  the  nodides  of' 
argillaceous  limestone,  which  resemble  septaria,  a 
wooden  nucleus  is  frequently  found.     These  masse* 


TROPICAL  FRUITS  TN  THE  LONDON  CLAY. 


I 


also  contain  shells,  that  possess  their  fresh  pearly- 
lustre. 

The  most  curious  vegetable  remains  of  this  for- 
mation, arc  those  of  fruit  and  hgneous  seed-vessels 
found  in  vast  profusion  and  variety  in  the  Isle  of 
Siie})pcy.  Mr.  Crowe  of  Faversham,  has  made  a 
collection  of  seed  vessels  from  this  locaHty,  amount- 
ing to  no  less  than  700  different  varieties,  of  which 
very  few  agree  with  any  existing  seed  vessels  known 
to  botanists. 

A  few  of  the  same  vegetable 
remains  have  been  found  Hke- 
wise  on  the  oj)posite  shore  in 
Essex,  as  also  at  Kew.    Among  j 

Mr.  Crowds  specimens  are  many  ] 

which  belong  to  tropical  cli- 
mates. iSomc  are  evidently  a 
species  of  cocoa  nut,  and  others 
Are  varieties  of  spices. 

Afotuliaril  niir  uf  .in  rxiinrt  ipccic* 
or  ooto  iTce  [  from  Stinifi*)-. 

"  The  evidence  of  a  neighbouring  region  of  dry 
land  seems  attested  by  these  vegetable  remains, 
(which  from  the  state  in  which  they  are  found  can 
scarcely  be  supposed  to  have  been  drifted  from  any 
great  distance,)  as  well  as  by  the  occurrence  of  the 
amphibia  before  mentioned.  We  can  scarcely  resist 
the  temptation  of  asking.  What  was  that  ancient 
land  ?  had  any  part  of  England  then  raised  its  head 
above  the  waves  ?  Does  it  not  sound  extravagantly, 
even  to  inquire  whether  its  oldest  and  liighest 
mountain  tracts  then  formed  a  groupe  of  spice 
islands  frequented  by  the  turtle  and  crocodile  ? 
Speculations  like  these,  though  unavoidably  sug- 
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gestcd,  almost  give  the  features  of  romance  to  the 
sober  walks  of  science," — Coni/beare^  Geology  of 
England,  p.  30. 

Wherever  the  sea  has  broken  up  the  solid  clay, 
numbers  of  its  imbedded  fossils  come  into  view ;  as 
in  Harwich  cliffs  in  Essex ;  in  those  on  the  north 
of  die  Isle  of  Sheppey ;  and  especially  those  between 
Hordwell  and  Christchurch  on  the  south-west  of 
Hampshire. 

This  clay  forms  the  upper  stratum  of  the  London 
chalk  basin,  except  where  it  is  covered  witli  the 
sands  of  the  upper  marine  formation,  as  on  the 
surface  of  Highgate-hilljBagshot,  Frimby,  Purbright 
heatlis,  &c. ;  or  by  alluvial  and  diluvial  gravel,  and 
loam.    The  London  clay  stratum  constitutes  a  very 
considerable  part  of  the  soil  of  Suffolk,  nearly  the 
whole  of  Essex,  including  Uainault  and   Epping 
Forests,  down  to  the  sea,  the  entire  surfiice  of  Mid- 
dlesex,  with   portions  of  Surrey,  Berkshire,   and 
Kent.     Here  it  is  seen  on  the  northern  side  of  the 
Medway  ;  it  constitutes  the  Isle  of  Sheppey ;  the 
cliff  from  Whitstable  to  the  Reculver  north  of  Can- 
terbury, and  thence  westward  to  Boughton  HiJL 
It  is  also  very  extensive  in  the  chalk  basin  of  the 
Isle  of  Wight-     The  whole  coast  from  Worthing  in 
Sussex  to  Christchurch  in  Hampshire  is  formed  of 
this  clay  bed.     Thence  it  extends  inland  by  Ring- 
wood,  Romsey,  Fareham,  to  Worthing,  composing 
the  surface  soil  except  in  a  few  places  where  it  is 
covered  by  sand  or  alluvium.    In  the  Isle  of  Wight, 
it  extends  in  a  dislocated  upright  posHiarij  all  along 
from  Alum  Bay  on  the  west,  to  Whitecliffe  Bay  on 
(he  east.    Its  two  planes  therefore  front  to  the  »onth 
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and  north.     The  former  is  faced  up  by  the  nearly 
vertical  beds  of  the  plastic  clay  formation,  which 
;had  heen  uplifted  with  it;  and  the  latter  is  covered 
ibovc  witli  nearly  horizontal  layers  of  the  fresh- 
water, and  upper  marine  formation. 
The  highest  elevation  of  the  London  clay  beds 
is  the  summit  of  High  Beech  in  Essex,  7^9  feet 
ibovc  tlie  level  of  the  sea.    On  the  northern  half  of 
the  Isle  of  Sheppey,  the  Loudon  clay  is  observed  at 
\QQ   feet  high,  stretching  it   miles   in  length,  and 
declining   gradually   towards   the    east  and   west. 
Whole   acres   of  the  chfis   are  sometimes  broken 
►down  at  once  into  the   sea.      »Since   tlie  days  of 
jLHenry  the   Eighth,  the  sea  has  by   this  action, 
tencroached  about  a  mile  on  the  north-west  coast  of 
:hc  Isle  of  Thanet ;  the  church  of  Reculver  which 
■as  had  its  wall  and  half  of  its  yard  now  washed 
^away,  having  been  in  those  times  at  the  above  dis- 
tftDce.     In  thickness  the  London  clay  bed  is  very 

I  variable.     At  a  spot,  one  mile  east  of  London,  it 
has  been  found  only  77  f^'ct  thick  ;  at  Tottenham, 
110;  at  White's  Club-house,  St,  James's,  t23.5;  wliile 
in  Portsmouth  266  feet  were  perforated  without 
massing  through  the  clay.     It  is  said  to  have  been 
[vdiig  into  at  lord  Spencer's  at  Wimbledon  in  Surrey 
\to  the  depth  of  5;J0  feet  witiiout  getting  through  it. 
'At  High  Beech  in  Essex,  its  thickness  cannot  be 
fless  than  700  feet.     With  the  singular  exception  of 
the  Isle  of  Wight,  the  beds  of  the  London  clay  are 
nearly  horizontal.      Its  mechanical  disturbance  is 
'here  demonstrable.     Among  the  vertical  strata  of 
•the  plastic  clay  formation  of  this  island,  there  is  a 
thick    layer   of    rolled  cimlk  ^flints^    standing  also 
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upright,  wliich   must  have  been  thrown    into  th 
position  from  tlie  flat  posture  in  which  gravitatioi 
iriginally   strewed    them.       The  disturbing   for 
-seems  to  have  operated  with  the  greatest  effect  in 
lateral  direction.     The  central  Hne  or  axis  alo 
wliich  it  has  acted  may  be  traced  nearly  east  an 
west  to  the  extent  of  no  less  than  60  miles,  viz, 
from  the  eastern  end  of  the  Isle  of  Wight  to  Abbo 
lury  in  Dorsetshire.    The  vertical  chalk  beds,  whi 
lave  also  partaken  in  this  great  dislocation,  termi* 
nate  indeed  at  Whitenose,  but  a  highly  inclin 
saddle  of  the  substrata  may  be  traced  in  the  pr 
longation  of  the  same  hne. 

The  first  section  of  this  extraordinary  stratum, 
in  advancing  westwards,  is  seen  at  Culver  Clifls,  wiM 
magnificent  range  of  precipices  near  the  east  endof^ 
the    isle,    forming   a  promontory  which   separates 
Whitecliff  bay  on  the  north-east,   from   Saudoi 
bay  on  the  the  south-west-     The  superstrata  of  thej 
plastic  clay  and  sands  may  be  observed  at  Whitfr 
chff  in    an    upright   position,    forming   low    cliffs. 
Immediately  to  the  south,  the  chalky  strata  tower 
to  a  stupendous  height,  with  an  inclination  to  the^ 
horizon  of  about  7^°.    Southwards,  round  the  cape^ 
this  angle  falls  to  50°.     The  direction  of  the  dip  i» 
nortli-north-east.     All  the  beds  of  chalk   towards 
what  had  been  their  upper  side,  contain  alternating 
strata  of  flint-nodules,  the  whole  of  which  with  the  M 
exception  of  a  few  detxiched  ones  in  the  body  of  the 
strata,  are  in  a  most  extraordinary  condition  j  broken 
in  every  direction  into  iVagments  varying  from  three 
inches  diameter,   to  impalpable  particles.     Yet  the 
flints  so  shivered,  by  some  mysterious  concussion. 
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tain  their  outward  form  and  position  in  the  bed. 
[The  chalky  coating  still  invests  them  undisturbed, 
[Wlien  this  is  removed,  fiue  hnes  are  perceived  which 
torrespond  to  the  internal  fractures,  as  we  see  in  a 
«ece  of  unannealed  glass,  cracked  by  a  scratch, 
fikethe  glass,  too,  the  flints  fall  asunder  when  moved. 
he  fragments  are  all  as  sharp  and  irregular  as 
►ossible,  but  devoid  of  crystalhne  arrangement. 
I*  The  London  clay  is  an  extremely  dense  soil, 
indered  productive  round  the  metropolis  only  by 
[.excessive  working.  It  is  almost  impervious  to 
ater,  and  containing  besides  mucli  saline  matter, 
;annot  be  expected  to  give  origin  to  good  springs, 
►ut  the  alluvium  above  the  clay,  affords  a  very 
►nsiderable  supply  of  water.  What  rises  from  the 
inds  of  the  plastic  clay  strata  beneath,  is  limpid 
id  soft,  gushing  up  so  suddenly  after  cutting 
irough  the  London  day,  that  the  welldigger  is  in 
iDger  of  being  drowned  at  the  instant  of  its  issue. 

$  III.  LOWKR  FRESTIWATER  FORMATION. 

This  is  but  a  partial  deposit  occurring  particu- 
'\y  at  Ueadcnliiil,  Isle  of  Wight,  in  a  series  of 
leds  of  sandy,  calcareous,  and  argillaceous  marls, 
lingled  often  with  a  little  coaly  matter.     Some  of 
[these  appear  to  consist  almost  wholly  of  the  frag- 
lents  of  freshwater  shells,  many  sufficiently  entire 
show  tlieir  species. 

Seciion  of  Bimtcttd  i^uarriet,  Ulwtratwc  of  thii  formation' 

On  the  summit  lies, 

rert. 

1.  Blue  clay,  containing  many  lootie  mosaes  from  the  Upper 
freshwater  formation  ofTariahlc  thii:kness. 

2.  Linrestone  composed  of  course  fragments  of  freshwater  shells,    2 

3.  Do.  in  smaller  fnipmcnts,   .-•..•-    ^ 
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4*  Limestone  6ner,        . % 

&.  Do. I) 

6.  Silicifcrous  limefitooe, U 

7.  While  ahell  marl, 4 

8.  Siliclferous  limestone, .  0| 

0.  Sand, (^ 

10.  Siliceous  limestone  rag, 0^ 

11.  Saod,         .        .  .......  M 

12.  Blue  clay,  depth  unknown* 

The   organic   remains   of   tlie   above   beds  arc 
lymneus,   planorbis,  and  cyclostoma,  perhaps  the 
helixj  and  a  bivalve,  resembling  the  fresh  water 
muscle.     No  marine  exuviie  have  been  detected  in 
these  beds«      This  formation  at  Ueaden  lull  is 
extremely  irregular  in  its  range,    and  cannot  be 
continuously  traced  for  more  than  a  few  hundreil 
.yards,  so  that  it  is  to  be  seen  only  in  apparently 
linsulated  masses,  emerging  from  beneath  the  moul- 
dering slope.     The  whole  of  the  north  end  of  the 
jlsle  of  Wight  has  been  referred  to  the  fresh  water 
formation,  but  the  confusion  of  the   strata  is  so 
great,  that  it  is  difficult  to  find  any  of  them  in  dieir 
original  seats.    Hence  fresh  and  salt  water  shells  are 
intermixed  on  the  west  and  nortli  coasts,  thouglk^ 
now  and  then  they  occur  in  alternate  layers.     ThiSM 
formation  may  be  traced  to  a  considerable  distancaB 
east  of  Ryde,  perhaps  as  far  as  Nettlestone.    It^ 
greatest  height  is  90  feet;  its  greatest  thickntf^ 
63.     In  the  above  section  it  is  only  14. 

5  IV.  UPPER  FRESH  WATER  FORMATION.  [ 

This  lies  above  the  preceding  bc*d,  separated  (rott^ 
it  by  a  6-inch  scam  of  sand.      It   is  covered  t>y    t 
alluvium,  as  on  the  summit  of  Headen  hill.    Tb** 
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upper  fresh  water  stratum  is  a  yellowish  white  marl, 
containing  a  large  proportion  of  calcareous  matter. 
It  is  the  best  characterised  bed  of  Headen  hill,  and 
contains  crystalline  veins  of  pure  carbonate  of  lime, 
along  with  abundance  of  the  same  fresh  water  shells 
enumerated    above,    unmixed    with    any    marine 
exuviiK.     It  extends  to  many  parts  north  of  the 
middle  range  of  chalk  hills.     In  the  neighbourhood 
of  Calbourne,   and   onward    to   Thorley,   several 
quarries  have  been  opened  in   it,  which  yield  an 
excellent  durable  stone.     This  bed  forms  the  upper 
part  of  Headen  hill,  400  feet  above  the  sea,  and  is 
^5  feet  thick.    Elsewhere  it  occupies  low  situations, 
y  The  occurrence  in  England  of  a  distinctly  marked 
fresh  water  formation  was  first  observed  by  Mr. 
Webster,  Sec.  Geo,  Soc,   and  it   may,  generally 
speaking,  be  considered  as  limited  to  a  portion  of 
the  Isle  of  Wight.     We  should  be  careful,  says  the 
Rev,  W.  D.  Conybeare,  not  to  confound  these  fresh 
valer  strata,  which  from  their  alternation  with  the 
regular  marine  formations,  clearly  belong  to  a  period 
anterior   to   that  at  which   our  continents  finally 
passed  into  their  present  condition,  with  the  occa- 
sional occurrence  of  fresh  water  shells  in  alluvial 
tracts,  belonging  possibly  to  a  very  recent  date,  and 
certainly  to  one  less  ancient  than  the  above.     Near 
'^^,  in  Siurey,  hmd  and  river  shells  were  found 
I     ^^  sand  and  gravel  overlying  the  remains  of  ele- 
Pi^ants,  &c.,  and  therefore  certainly  posterior  to  the 
^taatrophe  which  inhumed  these  animals.     Though 
™anyof  the  shells  found  on  Headen  hill,  be  thin 
^d  britde,  they  are  quite  entire  ;  whence,  it  is 
'^erred,  that   the  shellfish  must  have  lived  and 
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ilied  on  the  spot,  and  that  what  is  now  considerably 
tlevated  must  have  been  once  the  bottom  of  a  IVeskl 

ater  lake,  which  was  twice  within  the  basom 
Teshwater,   and   in    the  interval    covered    by  sail 

ater.     The  Jicshwater  formation  of  England  hi 

lone  of  the  beds  of  gypsum,  found  in  the  Frencl 

Wata,  replete  with  bones  of  extinct  quadrupeds. 

riie  lower  freshwater  formation  has  been  observedj 

it  Hordwell   Cliff,    Hampshire. — GeoL    Trans,  '2< 

^erieSy  Vols.  I.  &  II. 

$  V.  UPPER  MARINE  KOIIMATION. 

1.  This  is  observed  in  three  districts;  that  of  Sufi 
r<)lk,  where  the  deposit  on  the  London  clay  app 

a  sand  or  gravel   enclosing  shells  of  peculiar] 
characters.     This  whole  mass  is  called  Crag. 

Q.  The  sandy  beds  of  Bagshot,  and  the  neigh- 
bouring heaths. 

S,  The  marine  stratum,  alternating  with  those 
freshwater  in  the  Isle  of  Wight,  which  consists  of  al 
shelly  marl.     Many  of  the  fossils  belonging  to  the] 
beds  of  the  Suffolk  crag,  agree  with  those  in  the 
upper  marine  formation  of  the  Paris  basin.     A  few 
shells  only,  which  may  be  placed  among  those  which 
arc  supposed  to  be  lost,  or  among  those  which  are 
the  inhabitants  of  the  distant  seas,  are  discoverable 
here  ;  but  the  greater  number  do  not  seem  to  differ 
specifically  from  the  recent  shells  of  neighbouring 
seas.     A  peculiar  tcrebratula  has  been  described, 
as  well  as  many  other  curious  testaceous  remains. 
This  bed  at  Walton  Nase,  Kssex,  and  on  the  clife 
on  both  sides  of  Harwich,  is  30  feet  thick.     It 
furnishes  a  good  soil.    The  gray  weathers  or  Druid- 
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stones  of  Stonelicrigc  belong  to  the  siliceous  sand- 
stone of  the  Bagshot  heath  formation. 

§   VI.  SUMMARY  RECAPITULATION. 

:  Guided  by  tlie  inductive  spirit  of  English  geo- 
logy, we  have  traced  in  the  preceding  chapters,  the 
successive  ranges  of  mineral  strata  from  their  primi- 
tive bases  up  to  the  surface  soil.  Tlie  Alps,  Scot- 
land, and  otlier  mountainous  regions,  afford  better 
iields  for  the  study  of  granite,  gneiss,  and  miai-slate  ; 
but  in  no  country  can  the  coal-measures,  and  the 
supcrmedial  strata  be  examined  with  so  much 
advantage  as  in  England,  in  consequence  chiefly  of 
the  numerous  sections  which  have  been  accurately 
made,  and  faithfidly  recorded,  without  regiu^d  to 
any  hypothesis. 

1.  We  have  seen  the  coal-measures,  or  their  equi- 
valent beds,  surmounted  by  the  conglomerate  lime- 
stone, called  the  newer  magnesian,  to  distinguish  it 
irom  the  magnesian  lime  occasionalJy  subordinate 
to  the  carboniferous  limestone.  This  conglomerate 
is  the  first  flittz  limestone  of  continental  writers. 
It  is  covered  by  the  new  red  sandstone,  or  red  niarl 
rocks  of  England.  Between  the  first  Jlcetz  limestone 
and  coal-measures  oi'tlie  Germans,  their  first  fl<jetz 
Siindstone  lies,  called  roihe  iodte  Uegende^  or  red 
dead  layer^  because  it  is  barren  of  the  metallic  veins 
found  in  the  lower  beds. 

I'  *2,  Next  comes  the  oolitic  series  of  rocks,  the  lime- 
Stone  beds  of  which  are  generally  characterised  by 
tlie  spherical  form  of  their  calcareous  pai'ticles, 
hence  called  roestone,  peastone,  or  eggstone, 
accortUng  to  their  size.     Immediately  on  the  red 
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ground^  the  Has  rests,  being  a  structure  of  argilla- 
ceous limestone  beds,  in  thin  slabs,  separated  by 
seams  of  clay.  Over  this  tbrmation,  we  have  the 
lower  system  of  oolites,  including  fuller's  earth, 
and  bastard  freestone,  which  reposes  on  calcareous 
sand.  We  now  come  to  the  great  oolite^  the  Forest 
viarbky  and  the  Stonesfield  slate^  which  are  sur- 
mounted by  the  combrash.  It  is  in  this  valuable 
oolite,  that  the  sphericity  of  the  calcareous  concre^ 
tions  becomes  most  remarkable.  These  beds  are 
covered  by  the  Oxford  clay,  which  is  roofed  with 
the  coral  rag,  a  mixed  formation  of  calcareous  and 
siliceous  beds.  Next  in  the  order  of  supeqiositioa 
appears  the  upper  division  of  the  oolitic  series,  dis- 
tinguishable into  its  three  strata  of  Kimmeridge 
clay,  Portland  oolite,  and  Purbeck  argillaccouil 
limestone.  This  very  important  series,  the  oolitic 
strata,  seems  to  be  very  rare  in  Scotland,  and  to 
exist  but  imperfectly  in  two  or  three  patches  of 
lias  in  Ireland, 

3,  4.  In  ascending  from  the  oolitic  series,  wc  find 
beds  of  iron  sand,  clay,  green  sand,  and  chalk-marl, 
leading  to  the  great  chalk  formation  ;  strata  Xo 
which  I  am  not  aware  that  Scotland  possesses  any 
analogues,  except  in  two  or  three  spots  in  the 
Hebrides  and  Sutherland.  .5.  Tlie  tertiary  class  of 
strata  which  repose  upon  the  chalk,  have  been 
examined  under  the  most  favourable  circumstanccSy 
and  with  commensurate  skiU  in  tlie  Paris  basin,  by 
MM.  Cuvier  and  Brogniart.  A  brief  abstract  of 
their  elaborate  memoir,  will  conclude  our  view  ol' 
the  stratiform  masonry  of  our  globe- 
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§  VII.  ALTERNATE  FRESH  AND  SALT  WATER  BEDS. 

Of  THE  Paris  I3asin. — The  ground  in  which 
this  capital  Hos,  with  tlie  surrounding  territory  to 
a  very  considerable  distance,  presents  a  geological 
formation  very  remarkable  for  the  diversity  of 
its  constituent  strata,  and  the  extraordinary  relics 
of  ancient  organised  beings  which  it  has  revealed. 
Its  principal  mass  consists  of  myriads  of  marine 
shells,  placed  in  regular  alternate  order  with  fresh 
■water  shells.  Certain  spaces  are  replete  with  skele- 
tons of  animals,  unknown  to  the  living  "world,  even 
in  generic  affinity  ;  while  other  bones,  belonging  to 
very  considerable  species,  whose  congeners  arc  now 
found  only  in  very  distant  countries,  lie  scattered 
about  in  the  more  superficial  strata.  In  tlie  forms 
f  the  capes  and  the  directions  of  the  principal 
hills,  a  marked  character  is  impressed,  of  a  great 
irruption  of  water  having  come  from  the  south-east. 
We  may  hence  infer  that  few  localities  are  more 
capable  of  giving  us  information  concerning  the 
latest  revolutions  which  completed  tlie  fabric  of  our 

k  globe. 
The  basin  of  the  Seine  is  widely  separated  from 
that  of  the  Loire,  by  a  vast  elevated  plain,  the 
^  greatest  portion  of  which  is  commonly  called  the 
Beauce,  The  declivities  of  this  extensive  table- 
land  iire  in  general  very  steep,  and  all  its  naked 
I  escarpments,  the  sides  of  its  valleys,  and  the  wells 
which  perforate  the  upper  grounds,  show  that  the 

»  physical  constitution  of  the  surface  is  tlie  same 
throughout ;  consisting  of  a  prodigious  mass  of  fine 
sand,  which  covers  the  whole  district,  and  invests 
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all  the  other  strata  of  the  slopes  and  lower  ph 
The  materials  wluch  compose  the  basLu  of  Paris,^ 
seem  to  have  been  deposited  in  a  vast  concavity,] 
a  sj)ecies  of  gn\t\  lineil  tiiroughout  with  chalk. 

EnumertUion  of  t/ie  different  kind«  of  strata  or  formcUioHSf  whicA^ 
constiitUe  tfie  geological  district  of  Parit. 

pufing  tktm, 
I.     Challc 

r  Plastic  clay. 
2.  •<  Lignit4*9. 

(l-lnt  SftndsUme. 

{Coarte     lune«Ume^| 
aiid   tlip   BandstoDe 
which  ii  fw»< 
contains. 
4'.     Silit-euuH  Itiai 
GypMumwithi 
Freshwater    marb. 
C  Marine    gypnun 
*  t  marls. 

{Third  sandstonend 
apper  marine  wamL 
Kifne«toue  &  upper 
iiiariiie  marU. 
fMillstoucft, 
AheUy. 
H'  ^  8helly-miIlstaoiL 
I  Upper    frvahwaur 
L  marla. 

'  UuUeil  ]iebble«  and 
nncif-nt      pu< 
iitnnps. 
Allm-ial    h 
aiiciuiit  aiid  modern 
dut«. 
Black     t-lay-marU 

.and  pctt-mou. 


FormatioHa. 

I.  Ancient  marine  fornoation, 
n.  First  frpfihwater  formation, 

First  marine  furmation, 
,IV.  ^second  freab water  formaiiou, 

V.  Second  marine  formation, 


ft. 


VI.  Tliird  and  last  fresh  water  forumtioUy 


VII.  Diluvial  and  alluvial  fonnatioue. 
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The  fi^re  on  tlie  margin 
repred^tits  tLe  »ncce«»iive  strata 
of  the  PariH  basin,  nurabereil 
from  tiie  Hurface  (iownwanlH  ; 
or  ill  tlie  inverse  order  of  Uie 
preceding  table. 

1.  Upper  freab  water  marls 
and  millstones.  2.  Marine 
marls.  3,  4.  Secon<l  fre^h- 
WAter  formatson ;  and  gypsum 
with  boneii.  5.  Fintt  marine 
formation  after  the  chalk.  6. 
Lowest  or  oldest  freshwater 
formation.  7.  Chalk  witii  iliutti. 

1.  Ctialk, — The  regular  beds  of  black  flints  which 
exist  in  such  abundance  in  the  chalk,  show  that  it 
has  been  the  result  of  a  tranquil  deposit  under  the 
ocean. 

The  chalk  masses  of  the  environs  of  Paris  are 
apparently  intersected  by  nearly  \'ertical  fissures, 
sometimes  very  narrow,  although  they  extend  to 
very  great  distances ;  at  others  neai'ly  two  feet 
wide-  The  sides  of  these  rents  seem  as  if' embossed, 
but  the  convexities  and  concavities  do  not  regularly 
correspond  with  each  other.  The  faces  of  the 
fissures  look  like  sinfaces  which  have  been  worn 
down,  and  polished  by  the  waters.  In  the  parts 
where  the  rents  are  so  narrow  as  to  allow  the  two 
walls  to  come  nearly  in  contact,  there  are  round 
vertical  holes,  irregularly  placed,  opening  into  the 
upper  and  wider  portion  of  the  cleft.  Besides  being 
embossed,  the  walls  are  pitted,  as  if'  exposed  to  a 
pelting  rain.     The  flints  which  project  in  relief  on 
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the  sides  of  the  clefts,  have  their  upper  faces 
covered  with  crystals  of  carbonate  or  sulpliate  of 
lime,  but  their  under  surfaces  are  bare. 

These  efiects  cannot  be  ascribed  to  tlie  action  of 
existing  xcaiers^  because;  1.  The  masses  of  chalk 
in  which  they  occur,  are  much  above  the  highest 
level  of  the  waters  of  the  Seine,  and  all  its  affluent 
streams  ;  '2,  The  superior  strata,  and  the  adjoining 
liills  liave  too  little  mass,  or  elevation  to  supply 
currents  of  water  capable  of  producing  these  effects; 
Lastly,  water  and  its  springs  arc  so  rare  in  the  chalk, 
that  the  quarriers  at  Meudon  have  been  obliged  to 
dig  a  deep  well,  in  which  the  water  stands  70  feet 
below  the  lower  level  of  the  quarries.  The  only 
metal  found  in  the  chalk  formation  of  Paris,  is  iron 
in  the  state  of  a  sulphurct,  or  globular  pyrites,  either 
disseminated,  or  incrusting  the  organic  debris. 

The  animal  exuvia;  give  geognostic  characters  to 
the  chalk,  which  are  clear,  essential,  and  decided. 
They  are  very  unequally  distributed  through  its 
mass.  Not  only  are  they  almost  all  different  from 
those  which  occur  in  the  other  formations,  and  par* 
ticularly  in  the  more  recent  ones;  but  they  also 
present  notable  difierences  in  species  and  even 
genera,  according  as  they  belong  to  the  upper  or 
lower  portions  of  the  chalk.  This  important  con- 
sideration  leads  to  the  recognition  of  three  members 
in  the  chalk  formation,  distinct  in  the  central  portion,  fl 
but  on  their  confines  passing  insensibly  into  each 
other.  These  tJiree  members  which  thus  differ  not 
only  in  geognostic  position,  but  also  in  mincralO' 
gical  character,  are 
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1.  7%e  white  chalk  or  middle  portion  ;   2.  The  chalk  called   tu/au 

[in  Touraine,  the  ufiper  part  of  which  is  gcnu^Iy  gra>it>h  and  sand}V 

contniniiig  usually  hornstuncs  instead  of  Hints;  3.  The  chloritic  chalk, 

[called   by  Cuvicr  chalkif  giauconie  (green  sand  of  tlic  English).     It  is 

[grayish,  friable,  and  nil    over  liesprinklcd  with   green   particles  which 

closely  resemble  chlorite.     The  ^rccni&h  or  reddish  nodules  from  an 

■nolysts  by  M.  Berthier  &cem  to  consist  chieily  of  phosphtitc  of  lime  and 

[Iron. 

Analytit  of  ike  graint  nf  the  green  sand  from  Havre,  by  Jlf.  BerUdcr^ 


Silica,     .... 

50 

I*roeoxide  of  u«d, 

81 

Alumina, 

7 

Potash. 

10 

Water,  .... 

11 

Anafytii  qfthe  grccnith  nodules  f giauconie  crayeusej. 

Phosphate  of  lime,         ,             .            .  57 

Carbonate  of  lime,         ...  7 

Carbonate  of  magnesia,               .             .  2 

Silicatcd  iron  and  alumina,         .            *  £5 

Water  and  bituminous  matter,  .             .  7 

96 


The  wfiite  chalk  alone  is  found  in  the  vicinity  of 
Paris.  This  circumstance  limits  consitlerably  the 
number  of  organised  exuvia:  exhibited  there,  for  it 
is  in  the  tujhu  and  chloritous  chalk  tliat  the  fossil 
shells  are  most  abundant.     See  Plate  V, 

None  of  the  chalk  shells  are  found  in  the  coarse 
limestone  (calcaire  grassier)  above  it  These  two 
formations  are,  therefore,  perfectly  distuict,  nor  is 
there  any  trace  of  an  insensible  transition  between 
them,  either  in  the  Paris  district  or  probably  else- 
where.    On  the  other  hand,  no  such  decided  dif- 
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lercnce  is  observable  between   the  chalk   and  i 
subjacent  compact  limestone.     The  chalk  of*  other 
countries,  includes   species  of  shells  not  hitherto 
observed  at  Paris,  but  which  are  found  in  tlie  oolitic 
limestones  beneath  it.     These  facts  prove  that  the 
clialk  is  not,  as  many  have  supposed,  of  motlern' 
origin.     We  shall  find  that  it  has  been  succeeded 
by  lour  or  five  very  distinct  formations,  which  in- 
dicate a  long  space  of  time,  and  great  revolutions, 
between  the  period  of  its  deposition,  and  of  those 
strata  from  which  the  surface  of  our  continent  has 
derived  the  figiue  which  it  actually  possesses.    With 
the  exception  of  the  trochusy  there  lias  not  been 
found  in  the  Paris  chalk  any  univalve  shell  with  ^ 
simple  and  regular  spires.     Thus  there  is  no  cerilc, 
no  fusus,  kc.     This  fact  is  the  more  remarkable, 
as  we  find  a  few  yards  above  the  chalk,  in  strata 
equally  calcareous,  shells  in  great  abundance  of  a 
diflferent  structure. 

The  chalk  forms  the  bottom  of  the  basin  or 
gulfi  within  which  are  deposited  the  several  for- 
mations of  the  Paris  district.  Ere  this  antique 
chalk  floor  wxs  covered  by  these  mineral  strata,  its 
surface  nuist  have  exhibited  hollows  and  promi- 
nences i!i  the  form  of  valleys,  hills,  and  terraces. 
These  inequalities  are  still  indicated  by  the  islets  and 
promontories  of  chalk  which  rise  up  through  the 
new  formations  in  certain  points.  Hence  the  ex- 
cavations made  in  these  u[iper  beds  reach  the  chalk 
at  very  variable  depths.  Nor  have  the  inequalities 
any  relation  with  those  of  the  actual  surface  of  the 
land. 
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Q,  First  Jreshwater  formation^  plastic  clay,   lig- 
liie,  sandstone, — Almost  the  whole  surface  of  the 
rchalk  mass  is  covered  with  a  bed  of  clay,  possess- 
ing very  remarkable  general  characters,  amid  specific 
lirterences   at  different  points.      Tins  clay   called 
Jastic,   because  it  readily   takes  and   keeps   the 
forms  impressed  on  it,  is  unctuous,  tenacious,  and 
;enerally  composed  of  about  30  alumina,  (io  silica, 
[and  10  water  in  the  hundred  parts.      It  is  rarely 
impregnated  with  either  lime  or  iron,  and  makes 
ID  effervescence  with  acids.     It  is  of  a  fine  white 
ispect  at  Moret;  gray  at  Montereau;   yellow  at 
bondant ;    pure   slate-gray,  or   slate-gray  mixed 
.with  red  to  the  south  of  Paris  from  Gentilly  to 
Jeudon. 

This  bed  varies  in  thickness  from  .50  feet  in  some 
ilaces,  down  to  a  seam  of  a  few  inches  in  others. 
^Two  beds  of  clay  are  often  met  witlf;  an  upper  one, 
which  the  workmen  call  Jausses  glaises  (false  pot- 
terVearth)  is  sandy,  blackish,  and  encloses  occa- 
;ionally  organic  remains  ;  and  an  under  one  separ- 
itcd  from  the  former  by  a  bed  of  sand.     The  lower 
ttratura  which  forms  the  proper  plastic  clay,  is  des- 
[tute  of  organic  debris ;    but   the  upper  one  is 
tmetiiftes   very    rich   in   fossils,  which  give   it  a 
leculiar    chanicten      To    this    bed    and    consc- 
[uently  to  the  plastic  clay  formation,  of  which  it 
constitutes  a  member,  belong  the  sands,  and  lig- 
-nites,  yellow    amber,  and   numerous  fossil    shells, 
some  obviously  marine,  and  others  natives  of  fresh- 
water. 

The  lignite  or  fossil  bituminous  wood  (braun- 
kohle   of  the   German  mineralogists),   sometimes 
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appears  in  carbonaceous  traces  of  the  stem,  branches,, 
or  leaves,  and  sometimes  as  buried   trees,     Thia 
evidence  of  its  origin  gradually  vanishes,  and  die 
carbonaceous  matter  assumes  the  aspect  of  regularly 
stratified  beds,  or  layers  of  an  earthy  appearand 
called  pyritous  ashes,  earth-coal,  or  marine  peat 
sometimes  it  constitutes  compact  masses  of  a  prctt] 
pure  black,  of  a  dense  texture  susceptible  of  polish,] 
divided  by  fissures  into  rectangidar  masses,  whe^ 
it  is  termed  brown  coal,  jet,  and  even  coal,     Thi 
lignite  under  these  two  forms,  is  either  in  thin  ui 
connected  scams,  or  in  thick  beds  of  great  extent 
but  in  botii  cases,   though  the   ligneous   textui 
should  be  entirely  ef&ced,  some  portions  of  veg< 
tables  tolerably  well  preserved,  such  as  stems,  leaves^] 
fruits,  are  found,  which  prove  that  they  are  derived 
rather  from  trees  than  herbaceous  plants,  most  fre- 
quently dicotyledinous,  almost  always  of  the  family 
of  palms,  and  never,  it  is  said,  of  the  fern  tribe.fl 
This  circumstance  is  one  of  their  most  remarkable 
characters,  and  cstabhshes  a  very  obvious  distinc- 
tion between  the  ancient  and  genuine  pit-coals,  and! 
these  deposits  of  more  modern  date,  to  which  the^ 
name  of  pit-coal  is  improperly  applied. 

The  fossil  shells,  which  very  commonly  accoi 
pany,  and  sometimes  in  prodigious  quantity,  thifj 
upper  bed  of  the  plastic  clay  formation,  or  the  car- 
bonaceous  mar],  belong  to  genera,    and  perhaji 
species  which  live  in  very  different  elements,  some] 
being  marine,  and  others  freshwater  shells.     Thesftl 
two  lie  sometimes  in  thin  layers,  which  touch  each] 
other,  and  though  togetJier  not  a  foot  tliick«  yi 
they  are  quite  distinct.     Most  commonly,  howc\'«rf 
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.  as  in  the  whole  of  the  Soissonois  district,  these  shells 
*arc  mixed,  but  this  happens  only  at  the  line  of  con- 
tact of  the  two  beds ;  so  tliat  the  fresh  water  shells 
belong  to  the  lignite  stratum,  that  vast  deposit  of 
I  vegetables  which  assuredly  ilid  not  live  in  the  waters 
I  of  the  sea,  but  grew  on  the  surface  of  the  earth, 
'when  that  consisted  solely  of  chalk,  and  was  covered 
» with  forests,  lakes,  or  marsliy  ])ools ;  whilst  tlie 
i  marine  shells  were  bred  in  the  marine  deposit, 
[which  covers  with  numerous  and  massive  strata  the 
I  above  argillo-carbonaceous  formation. 

The  following  list  of  the  frct/t  water  thelU  haa  been  given  by  M.  de 
Feruwac  : — Planorbis    rolundatus,    incertus,   punctum,    Prcvostintis ; 

.  phjsa  antiqiia ;  limneus  longiscutus;  patudina  virgula,  indutiucta,  uni- 
color,  DcsinorcsU,  conica,  uinbigua ;  tiiclaiiia  triticea ;  melanopsis  buc- 

'cinoidea,  costata;  ncnta  globulus,  pbiiformi^,  sobrina;  cyrena  antiqua, 

1  tdlcnoides,  cuneiformia. 

I      ^larinc-shcUs  from  the  intermixture  of  the  superior  beds,  contain  the 

\  following :  ceriiium ;  ceritiiim  fuoatuni^  melanoidea ;  auipuUaria  deprcssa; 

.  Ofitrea  bellovoca,  incerta. 

The  two  mineral  formations  now  described  must 
liave  been  produced  under  entirely  different  circum- 
stances, since  they  differ  in  their  chemical  nature, 
in  their  mode  of  stratification,  and  especially  in 
their  fossil  inmates;  so  that  there  is  every  reason 
to  conclude  that  the  plastic  clay  belongs  to  a  for- 
[mation  distinct  not  only  from  tlie  chalk,  but  likewise 
'from  the  superior  coarse  limestone ;  since  the 
.organic  remains  appropriate  to  it,  are  land  or  fresh 
[water  shells,  while  all  those  of  that  limestone 
[oeloug  to  the  sea. 

3.  Of  the  coarse  linwstane  formation^  (cakaire 
grassier Jf  and  its  sea-shell  saiidstones, — This  lime- 
stone does  not  always  rest  immediately  on  the  plastic 


S20 


BOOK  TI.-rHAP.  r^SUPERTOR  STRATA. 


clay;  but  is  sometimes  separated  by  abed  of  sand, 
sometimes  aggregated  into   freestone.      The   cal- 
careous formation  itself  is  composed  of  alternate] 
beds   of  coarse  limestone  more  or  less  hard ;   ol 
argillaceous  marl  often  in  very  thin  layers ;  and 
calcareous  marl.     It  must  not  however  be  supposed! 
that  these  different  courses  of  masonry  are  placet 
fortuitously,  and  without  rule,  for  they  always  main-j 
tain  the  same  order  of  superposition,  over  the  whol< 
extent  of  the  vast  basin.   Several  seams  may  be  somi 
times  wanting  or  very  thin ;  but  what  is  inferior  in 
one  district,  never  becomes  superior  in  another. 

This  constancy  in    the  order  of  superposition  ofi 
the  thinnest  strata,  and  over  an  extent  of  nearly  S0\ 
miles,  is  certainly  one  of  the  most  remarkable  facts. 
disclosed   by  the  researches  of  MM.  Cuvier  and 
Brogniart.     The  fossil  shells  furnish  the  means  of  j 
recognising  amidst  so  many  calcareous  layers,  any 
particular  one   observed   in  any  district   however 
remote.     This   criterion   has   never    deceived   thei 
eminent  French  naturalists.     It  is  not  however  to 
be  supposed  that  the  diflerence  between  one  bed 
and  another  is  so  remarkable,  as  that  between  thi 
chalk  and  the  coarse  limestone.     But  the  fossil 
characteristic  of  one  bed   become   less  numcrousi 
in   the  bed  above,  and  disappear  entirely  in  th< 
others,  or  are  gradually  replaced  by  new   fossils* 
which  had  not  till  then  made  their  appearance. 

The  first  and  lowest  beds  of  the  calcareous  for- 
mation are  the  best  characterised  ;  they  ai'e  very 
sandy,  sometimes  more  so  than  they  are  calcareous.' 
When  solid,  they  are  apt  to  decompose  in  the  air 
and    fall    to  powder;    so   that   the   stone   can  Iw 
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employed    only   ia    very   peculiar    circumstances, 
This  stratmii   contains  almost   alwuvs  some  green 
earth  in  powder  or  grains ;  which  by  tlic  analysis  of 
M.  Bcrthier  appears  to  be  a  silicate  of  iron.     Here 
is  found  also  a  prodigious  quantity  of  fossil  shells, 
the  greater  part  of  which  differ  more  from  our  living 
species,   than  the  slielis  of  the  superior  strata  do. 
They  are  entire,  well  preserved  ;  and  may  be  easily 
detached  from  their  rock,  retiiining  in  many  speci- 
mens their  pearly  lustre.     The  midtlle  beds  also  in- 
clude a  great  many  species  of  shells  ;  among  which 
are  brown  impressions  of  leaves  and  stems  of  j>lants, 
mixed    with  cerites,  thick   ampullaires  and   other 
sea-shells.     The  plants  cannot  be  referred  to  any 
marine  vegetables.     The  third  or  superior  system  of 
strata  includes  fewer  shells  than  the  two  preceding. 
The  lower  seams  of  it  are  hard,  and  are  used  ia 
building.     Above  the  last  beds  of  the  coarse  lime- 
stone, haid  calcareous  marls  appear,  divisible  into 
blocks  with  tiieir  surfaces  covered  with  a  yellow 
varnish,  and  black  dendritic  (tree-like)  impressions. 
It  appears,  therefore,  1.  that  tlie  ibssils  of  the 
coarse  limestone  have  been  slowly  deposited  in  a 
tranquil  sea,  and  now  lie  in  regular  beds  ;  that  they 
are  not  mixed  ;  and  that  the  greater  portion  are  in 
a  state  of  perfect  preservation,  however   delicate 
their  texture  may  be,  since  even  the  points  of  the 
spinous  shells  are  very  often  entire  ;  %  that  these 
fossils  aie  entirely  diflerent  from  those  of  the  chidk ; 
3.  that  in  proportion  as  the  beds  ol*  this  formation 
were  deposited,  the  species  changed,  and  sevenU  of 
them  disappeared,  while  new  ones  made  their  appcar- 
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ance,  circumstances  which  indicate  a  great  man; 
^generations  of  marine  animals ;  lastly,  that  thi 
number  of  species  of  shells  always  went  on  dimin- 
ishing in  that  region,  till  the  period  when  thej 
entirely  vanisheiL  The  waters  which  deposits 
these  beds,  either  contained  no  longer  any  shell- 
fish, or  lost  tlie  faculty  of  prescning  them. 

Certaiidy  things  happened  in  those  primeval 
far  otherwise  from  what   occurs   in   our   present 
ocean.     In  tiie  latter,  solid  shell-limestone  rod 
now   rise  only  in  tropical  climates.     The  speacs^ 
of  shells   are  not  found  to  change  on   tlie   sanw 
banks  and  coasts.     Ever  since  oj"sters  have  been] 
fished  on  the  coast  of  Cancale  j  and  mother  ol 
pearl  avicuUv  in  the  Persian  Gulf,  it  has  not  been 
observed  that  one  order  of  shells  has  given  place 
to  another. 

4-.  Siliceous  Hmesione, — This  formation  consists 
of  distinct  courses,  of  a  Ihnestone  sometimes 
tender  and  white,  sometimes  gray  and  compact, 
having  a  very  fine  grain,  and  penetrated  with 
silica,  filtered  through  on  every  point*  It  up 
frequently  cavernous.  These  cavities  are  ofVea 
pretty  large,  irregular,  and  communicate  in  every 
direction  ;  they  are  occasionally  cylindrical,  but 
sinuous  (winding),  and  though  still  irregular, 
they  preserve  with  one  another  an  appearance  of 
parallelism.  The  silex  by  filtering  into  theie  M 
cavities,  has  studded  their  sides  with  mammelated  ™ 
stalactites  of  various  hues,  or  with  pyramitlal  quartz 
crystals,  short  and  almost  without  a  prism,  but 
distinct   and  pellucid.     This    disposition    is    very 
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remarkable  at  Champigny.  The  compact  lime- 
stone, tluis  pcnetraleil  with  silex,  affords  by  burn- 
ing, lime  of  very  good  quality.  We  may  consider 
the  siliceous  limestone,  as  terminating  on  one  hand 
the  marine  formation,  and  ibrming  on  tlie  other, 
the  lower  portion  oi'  the  middle  freshwater  beds. 
Hence  this  rock  includes  sometimes,  in  its  lower 
ranges,  sea-shells  analogous  to  those  of  the  coarse 
limestone,  mingled  with  freshwater  shells,  thus 
constituting  tlie  passing  link  between  the  two  for- 
mations J  and  tlie  freshwater  shells  of  its  upper 
courses,  are  the  same  as  those  of  the  midille  fresh- 
water limestone.  The  compact  and  hard,  but 
easily  broken,  yellowish  limestone,  called  cUcart  by 
the  w^orkmen,  should  be  referred  to  the  same 
locality.  In  this  formation,  one  kind  of  the  stones 
well  known  under  the  name  of  mill  or  buhr  stones 
occurs.  These  seem  to  be  the  siliceous  skeleton, 
of  a  siliceous  limestone.  They  must  not  be  con- 
founded, however,  with  the  millstones  to  be 
described  under  the  eighth  head. 

5,  (i.  Gypsum,  the  seco7idfresh'iVaterJhrmatio7iy  and 
marine  marls. — These  strata  afford  one  of  the  clearest 
examples  of  what  is  to  be  understood  by  a  formation 
in  Geology  ;  differing  widely  from  each  otiier  in  their 
chemical  nature,  yet  evidently  deposited  at  the  same 
time.  This  formation  which  is  called  gypseous,  is  not 
composed  solelyof  gypsum,  for  it  consists  of  alternate 
beds  of  gypsum,  argillaceous  marl,  and  limestone,  in 
an  order  of  superposition  always  the  same,  over  the 
great  gypseous  field  studied  by  MM.  Cuvier  and 
Brogniart,  from  Meaux  to  Triel  and  Grisy,  through 
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ft  length  of  more  than  20  leagues.  Some  of  the 
beds  are  wanting  in  a  few  districts,  but  the  remain- 
ing ones  are  always  in  the  saipe  respective  positions. 
The  gypseous  course  is  placed  immediately  above 
the  marine  limestone,  a  supeq)OS!tion  of  which  it  i» 
not  possible  to  doubt.  The  hills  or  mounds  of 
gypsum  have  a  peculiar  aspect  by  which  they  may 
be  recognised  at  a  distance.  As  they  always  lie 
over  the  limestone,  they  form  as  it  were  second 
hills  of  a  distinctly  oblong  or  conical  shape,  situated 
on  the  more  extended  lower  elevations. 

Both  on  Montmartre,  and  the  hills  which  seem 
to  rise  in  its  suite,  two  formations  of  gypsum  may 
be  observed.     The  lower  is  composed  of  alternate 
beds  of  little  thickness,  consisting  of  gypsum  often 
crystalline,  solid  lime-marls,and  clay-marls  distinctly 
foliated.     It  is  in  tlie  former,  that  the  large  crystals 
of  lenticular  yellowish  gypsum  occur,  and  in  the 
latter  the  menilite  silex.     The  lower  portions  of' 
this  mass  would  seem  to  have  been  deposited,  at 
one  time  naked,  on  the  sca-shell  calcareous  sand,  in 
which   case   they   include    marine  shells,   and  at 
another,  on  a  bottom  of  white  marl,  containing  ai 
great  many  freshwater  shells,  which  had  previously 
covered  the  marine  stratum.     This  second  circum* 
stance  seems  proved  by  two  observations  made,  thej 
one  at  Belleville  by  M.  Hericart  de  Thury,  and  the] 
other  by  M.  Cuvier  under  the  street  of  Rochechou 
art.     In  digging  wells  at  these  two  places,  the  h 
beds  of  the  lower  mass  were  perforated,  and  thei 
wastbund  in  the  under  portions  of  this  mass,  a 
bed  of  the  white  freshwater  marl  above  mentioned 
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Below  this  bed,  occur  either  the  first  courses  of  the 
marine  limestone,  or  the  calcareo-siliceoiis  lacustrine 
formation. 

The  superficial  mass  which  the  workmen  call  the 
•5/,  is  ill  every  respect  the  most  remarkable,  and 
important.  It  is  besides  much  larger  than  the 
[Others ;  possessing  in  certain  places  a  thickness  of  65 
'feet,  and  is  uniform  throughout,  with  the  exception 
of  a  few  marly  beds.  In  some  places,  as  at  Dam- 
martin,  near  Montmorency,  it  lies  almost  immedi- 
ately below  the  vegetable  mould. 

The  lower  beds  of  gypsum  of  this  first  mass,  in- 
elude  silex,  which  seems  to  have  flowed  into  the  gyp- 
seous matter,  and  also  to  be  penetrated  with  it.  The 
intermediate  beds  naturally  spHt  into  thick  prisms, 
|with  several  faces,  which  are  called  hauls  piliers^ 
(high  pillars);  and  the  uppermost  ranges  called 
[thiens  are  penetrated  with  marl.  They  alternate 
with  marl  strata  and  are  not  x^sy  massive.  These 
are  commonly  five  in  number,  and  spread  over  a 
great  extent. 

But  these  facts  are  not  the  most  important.    The 
['fossils  which  this  mass  includes,  and  those  which  its 
inarls  cover,    suggest  observations   of  far  higher 
interest. 

It  is  in  this/r^rmass  that  the  quarriers  find  almost 
every  day,  skeletons  and  scattered  bones  of  a  mul- 
titude of  unknown  quadrupeds,  along  with  the 
bones  of  birds,  crocodiles,  the  trionyx  tortoise,  land 
and  freshwater  tortoises,  and  several  kinds  of  fish, 
most  of  which  belong  to  freshwater  genera. 

But  what  is  no  less  remarkable,  and  leads  to  the 
same  conclusion,  is  that  some  freshwater  shells  are 
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also  found  there.  They  are  doubtless  of  very 
occurrence;  but  a  single  one  would  suffice,  when 
unaccompanied  with  sea  shells,  to  demonstrate  the'; 
truth  of  the  opinion  whicli  Lamanon  and  some 
other  naturalists  broached  long  ago,  that  the  gyp-J 
sums  of  Montmartre,  and  of  the  other  hills  of  th< 
Paris  basin,  had  been  crystallized  in  frcshwat^T^ 
lakes.  We  shall  presently  adduce  new  facts  con-i 
tirmatory  of  this  judgment. 

The  superior  gypsimi  is  perfectly  characterised 
by  the  presence  of  the  skeletons  and  bones  of  mam- 
mifera,  which  enable  us  to  recognise  it,  when  it 
occurs  insulated.  They  have  never  been  observed 
in  tlie  inferior  masses. 

Above  the  gypsum,  are  placed  thick  beds  of  marl, 
sometimes  calcareous,  and  at  others  argillaceous 
In  the  lower  courses  of  these  beds,  and  in  a  white 
and  friable  lime  marl,  there  have  been  met  with  at 
different  times,  palm-tree  trunks  petrified  with  silex. 
They  were  recumbent  in  posture,  and  of  consider- 
able  dimensions.  In  the  same  system  of  beds,  there 
occur  in  almost  all  the  quarries  of  the  Chaumond 
mound,  and  even  in  the  quarries  to  the  east  of 
Montmartre,  shells  of  the  genera  lymnea  and 
planorbis^  hardly  different  from  those  which  now 
live  in  our  marshes.  These  fossils  prove  that  the 
marls  are  a  freshwater  formation,  like  the  gypsums 
placed  below  them. 

In  ascending,  we  encounter  a  bed  of  foliated 
yellowish  marl  about  a  yard  thick.  This  forms  the 
limit  of  the  tresiiwater  formation.  All  the  sheik 
that  have  been  observed  higher  up,  are  marine. 

Injmediately  over  this  marl,  there  is  a  large  and 
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constant  bed  of  greenish  clay  marl,  which  may  be 

recognised  at  a  distance  by  its  thickness,  its  colour, 

and  its  continuity.     It  serves  as  a  guide  for  finding 

Ithc  cytherea  shells,  which  lie  just  below  it-     The 

[ibur  or  five  beds  of  mai  1  that  succeed  the  green  one, 

fare  of  little  thickness>  and  like  it  contain  no  fossils. 

But  these  beds  are  immediately  surmounted  by  one 

|of  yellow  clay  marl  replete  with  sea  shells,  of  species 

belonging  to  the  genera  cerites,  trochuSj  niuctres^ 

vcntis^  cardiufjiy  &c.     Fragments  of  the  palate  of  a 

ly,  and  portions  of  the  spines  of  the  tail  of  a  ray, 

vere  also  found  in  this  locality. 

Almost  all  the  mar!  beds  which  succeed  the  last, 

present  fossil  sea-shells,  but  only  of  the  bivalve  class, 

;and  the  latter  strata,  or  those  immediately  below 

the  ajgillaccous  sand,  include  two  distinct  beds  of 

oysters.     The  first  and  lowest  is  composed  of  very 

thick  large  oysters;  some  of  them  nearly  1  inches 

long.    A  layer  of  whitish  marl  without  shells  occurs 

next,  tlien  a  second  very  thick  stratum  of  oysters 

subdivided  into  several  seams.      The  oysters  are 

brown,  and  much  smaller,  as  well  as  thinner  than 

the  preceding.     The  above  oyster  beds  are  almost 

uniformly  present ;  nor  have  they  been  twice  missed 

in  the  numerous  hills  examined  by  MM.  Cuvier 

ax\A  Brogniart,  so  that  it  seems  to  be  nearly  certain 

that  they  lived  in  the  place  where  they  now  lie ;  for 

they  are  attached  to  each  other,  as  in  the  sea,  the 

most  of  them  are  quite  entire,  and  when  carefully 

extracted,  often  retain  both  their  valves.     Lastly, 

-M-  Defrance  has  found  near  Roquencourt,  as  high 

as  the  marine  gypseous  marls,  rounded  pieces  of  the 

shell  marl  limestone,  pierced  with  pholadcs  (stone 
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borers),   and  still  bearing  the  oysters  that  were 
attached  to  them. 

ThefotsiU  of  Ute  gjfpnim  and  utarine  maris  which  enter  itf  ore 

I.  /b  the  gypsemu  mau ;  the  palaeotherituDs,  the  anoplotheriunic,  the 
carnivorous  and  other  mammiferous  aniniaU;  birds  of  3  or  4  apecici( 
a  trioayx  and  other  reptiles  ;  a  crocodile;  Bsh,  3  or  4  species;  ami 
ut'  the  uiolJusca  tribt'i  u  cj/ciotomia  mumia. 

"i.  In  the  superior  wfule  marU.  Palms,  or  other  endogenitcs  plants ; 
rciiuunH  of  (i^h  \  limnca  and  pianorbit  {rcshwater  shells. 

3.  In  the  marine  formation  ;  inner  and  outer  casts  of  shells,  the  sub- 
stance being  generally  wasted  away  ;  ipirortes ;  fish  bone ;  Lttiikimm 
jilieatum. 

i.  Green  marU.     No  fossils. 

5.  Yellow  marls.  Spines  and  |ialatea  of  the  ny ;  ani[Hillaria  patula  f 
ceriihium  pUcatuni,  cinctum ;  cytherea  elegans;  cardiuin  obltquum;' 
nucula  cnargahtacea. 

6.  CalcarcQtu    marU,     Ostrea    hippopus,    pseudochama*   loi 
canolU,   cochlearia,   cyathida^  spotulata,  lingitatulu;   bolani; 
claws. 

The  gypsum  formation  of  the  Paris  basin  cannot 
be  referred  to  any  of  the  formations  described  by 
Werner  or  his  disciples. 

Having- eliminated  by  a  long  and  laborious  analyna,  the 
pipce*!  oi  tlM>  skeletonH  of  unknown  animals^  found  in  this  h^  of] 
the  Paris  banin ;  and  ansi^ed  tlteiu  i\w\T  re«peotive  places  in  tht^ 
syHteni  a^rreeably  to  the  lawa  of  organic  beings  M.  Curkr 
niencfMl  their  syntlkt^iN,  collating  and  combining  the  bone^,  so  as  t^ 
reprefttint,  not  the  whole  mrcui^s  indeed,  but  lite  fraine-work  of  the 
animal. 

The  PaiirotJieiiton  minus  had  Furnished  the  inoat 
MBortnicut  of  buneH  ;  with  it,  tlierefurv,  he  Wgan,  proceeditijf  1 
wants  to  tlie  Paheotlierinm  magnum,  next  U)  the  pAhpotI»rriuifl 
i-raMum,  and  la<itly  to  th('  nie<lium.  Of  h\^  other  speciea,  nothinfr 
but  fragments  liave  been  hitherto  fuiuid. 
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Tlje  skeleton  of  tlie  palseotherium  mintLH  occarre<l  in  a  complete 
■tAte  at  Pantin,  near  Montiuartre,  imtiedded  in  ^-psnm.  The 
wood-cut  represents  the  palssotlierium  inagnam  restorec),  from  its 
scattered  bonen.  It»  height  watt  four  feet  and  a  half,  ahout  the 
ttaxe  of  the  rhinoceros  of  Java.  Lower  tlmn  a  {;reat  horKe,  it  waa 
hsUo  thicker,  with  a  head  more  massive,  shorter  and  Htron^'er  limhs. 
An  almost  entire  skull  of  ihis  animal  was  eventually  found  by  M. 
Cuvier,  which  he  regard)*  with  jiwtice  as  one  of  tlie  most  interestinf^ 
[reHca  of  the  ancient  world,  since  it  enables  him  to  confirm  all  hia 
prerious  conje<*tnn'H  fthrnit  its  orpanization  and  habits.  Tliis  skull 
equals  in  tHze  that  of  the  larffeHt  horses.  The  external  opening  of 
the  nostrils  was  oblique  and  very  long ;  surrounded  by  three  pEura 
of  bones,  the  inlermaxillarj',  the  maxillary,  and  the  nasal ;  the  last, 
inbt4.^  of  uniting  with  those  of  tlie  muzxle,  slope  obliquely  over 
'tie  nasal  orifice.  Now,  there  are  only  three  generB  of  known 
animals  whicli  have  three  pairs  of  bones  in  the  external  nostrils ; 
tliese  are  the  rliinoceros,  tin'  elephant,  and  the  tapir ;  and  the  last 
,two  alone  hare  the  proper  hones  of  the  nose,  thin  and  short  aa  in 
this  ancient  animal.  In  the  rhinoceros,  on  t]w  contrary,  tiiese 
liones  are  as  long  oh  the  snout,  and  of  cxtraordin»u-y  thickness,  on 
account  of  the  horn  which  they  have  to  support. 

Tlie  hor«e  resembles  them  in  the  obliquity  of  the  opening,  and 
in  the  inclint'd  direction  of  the  points  of  its  proper  nose  bonus,  or 
in  other  wonb*.  by  the  large  notch  placed  under  ibem  on  either 
tide  ;  but  its  intermaxillary  hones  extend  sufficiently  to  the  side* 
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of  the  boues  of  tlie   iwstriU  to  reach  theae  nose  bones,  aud  b« 
articulated  with  t!ioin. 

From  Hume  aiialo^es  in  the  usdpous  fratnL*,  we  may  jnstly  infer 
a  Kiuiitarity,  in  the  sofi  parts  atta(*lied  to  it.  The  clopltanta  and 
tapirs  hare  a  proboscis,  aud  t)ie  rhinoceroses  putiseHjt  in  their  lip» 
and  the  horseB  iu  the  whole  extremity  of  the  snout,  a  mobility  which 
deiwnds  on  an  organization}  closely  resembling  that  of  the  ta{iir. 
As  the  pahiMitheiiuni  had  no  iiitennaxilUry  bonetf  hke  those  of  the 
elephuiil,  it  could  not  have  a  siniihLr  prol>osciH.  From  a  rnmpari- 
Bon  of  the  other  three  genera,  it  maul  hare  been  fonneii  m  tbii 


figure  repreeents  it ;  being  intermediate  between  a  tapir  and  a 
horse.  But  as  its  orbit  was  small,  so  also  must  its  eye  have  been* 
whence  it  would  have  the  ntupid  aa[>eci  of  the  hog-  Tlie  temporal 
foase  was  lai^e  and  deep,  inilicating  great  powers  of  mastication. 

Of  tlie  8aiHll  palteotiierium  (minus))  M.  Curier  says,  could  we 
rest<ire  thi^i  animal  to  life,  oa  eiLsily  ua  we  have  rejoined  itn  boncA, 
we  shouM  liave  before  us  a  tapir  a  little  longer  tlian  a  roe-bock, 
with  light  aud  slender  hmbs.  Its  height  in  the  middle  was  aeHtf 
18  incheM. 

Seven  species  of  palieotheriums*  are  enumerated,  all  dug  out  of 
the  I*arisiaa  plaster  hedx. 

The  maf/num  had  tlie  size  of  a  horse,  the  medium,  that  of  a 
small  hog,  witli  long  narrow  feet ;  the  crajmwiy  same  size,  hut  with 
bnmci,  Hhorter  feet;  the  tatum^  same  size,  with  sliort,  squat  feel; 
curtum-,  sijse  of  a  sheep,  spreading,  very  Hhort  feet ;  nuMitf,  ralher 

•  PalttoUtcrium  :  oncicat  vUd  brait 
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siualW,  narrow  feet  and  aide  toes  mnaller ;  minimum,  size  of  « 
bw*,  f«M  nfljTow. 


(To  the  oilier  great  genua  of  animals  discovered  by  M.  Cuvirr  in 
the  Paris  pypHnm,  the  name  Anoplotheriom  (unarmed  wild  beast) 
has  been  given,  on  account  of  the  ahurtness  of  its  canine  teetb. 
In  the  foH<n1  fitrured  above,  a  specimen  in  fluch  preservation  was 
fortunately  found,  as  explained  the  structure  of  the'  head,  and 
gre&tcr  part  of  the  body.  It  shows  the  nasal  and  intermaxillary 
bones  entire  ;  the  position  of  the  intennaxillary  suture,  and  of  the 
Buborbitnl  bole  ;  the  zygomatic  arch  iu  perfect  preservation,  as  well 
08  tiie  mafltoid  process ;  and  the  rising  branch  of  the  lower  jaw, 
forced  a  little  behind  its  tnie  ponition.  The  specimen  shows  aUo 
iJje  contour  in  profile  of  the  posterior  part  of  the  skull.  The 
animal  approached  to  the  Ruminant  class.  The  most  remarkable 
circumstance  in  this  creature,  is  the  enormous  lengtli  and  strength 
of  its  tail.  Ten  vertebrae  beloii^ng  to  it,  and  jointed  together  in 
another  specimen,  are  not  t!ie  only  bones  of  wliich  it  was  com- 
posed. M.  Cuvier  concludes  that  it  must  bare  consisted  at  leart 
of  22  vcrtebr.p,  equalling,  if  not  exceeding,  the  length  of  the  body, 
*iio  known  quadruped  has  a  tail  of  such  size,  excepting  the  kau- 
iroo :  and  this  'i»  therefore  nnnther  charat*ter  to  add  to  all  the 
rthers  which  make  the  nnoplotherium  one  of  the  roost  extraordi- 
lary  beings  of  that  ancient  world,  whose  relics  we  now  survey, 
inch  immense  taiU))ones  ]nu*ft  have  had  praportionate  musclen  to 
tove  tbem ;  of  which  more  than  conjectures  exist  with  respect  to 
le  anoplotherium.  Their  tendons,  in  part  apparently  ossified, 
lavc  left  on  the  stone,  traces  which  lead  us  to  judge  that  the  thick- 
of  the  tail  was  as  enormous  as  its  length.     We  need  not  bo 
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Huq)riBed  at  these  traces,  since  the  cartilages  of  the  ribs  have  also 
left  ver)'  evident  prints.  Tlie  specimpn  re])rcsonted  in  our  figum 
was  (lag  out  of  the  quHnies  at  Antony  near  Paris,  100  feet  beneath 
the  surface,  llie  animal  seems  to  liare  sunk  <lown  into  the  yei 
unindurated  plaster,  lying  on  its  belly  in  a  horizontal  position,  with 
ita  liead  only  deranged  and  tlironn  to  one  side,  aiid  its  ribs  broken 
and  crushed  tog(*thcr,  as  well  as  its  otlicr  bones,  by  the  wdght  of' 
tlio.  f<aperincunibent  strata  aften^'ards  deposited.  AH  the  donalfj 
liinibar,  and  sacral  vertebra}  remained  in  their  places,  preMrvingl 
their  natural  connexions  with  each  other,  and  with  the  pelvis.  Thi 
height  of  the  Anopiotheriuin  commune^  at  the  saddle,  might  be 
about  three  feet  and  a  few  incheH.  It  nmst  have  derived  from  its 
tail  Homewhat  of  the  look  of  an  otter,  and  was  probably  arcm- 
tomed  like  this  animal  to  hve  in  waters  and  marshy  grounds  ;  but 
not  for  the  purpose  of  fishing ;  for  like  the  water-rat,  the  liippopo- 
tanuH,  ant]  the  whole  family  of  wild  boai-9  and  rhinoceroses,  the 
anoplotheriuni  was  herbivorous ;  roaming  in  quest  of  tl»e  surmleiil 
roots  and  stems  of  aquatic  plants.  From  its  swimming  and  divir^ 
apparatus,  it  must  have  had  glossy  hair  like  the  otter  ;  and  perhapl 
its  skiu  was  even  half  naked  like  that  of  its  kindred  pacJiydemstt. 
Its  entire  Icngtli,  including  the  tail,  was  at  least  eight  feet;  aoil 
about  five  feet  in  the  body,  which  is  ilie  length  of  the  body  of  ta 
ass  of  middle  size ;  but  the  latter  animal  stands  higher. 

Tlie  Amjphtherium  gracile  was  about  2  feet  high  at  the  saddle^ 
nearly  the  height  of  the  chamois,  tliough  its  skull  and  other 
were  not  so  thick  ;  but  this  proceeded  from  the  extreme  slendt 
of  its  limbs.  While  the  Aftopiotli^um  commune  Iwd  a  «laggishi 
and  awkward  pare,  when  it  walked  on  the  ground,  the  gracUe  waft 
uinible  and  graceful ;  light  as  the  gazelle  or  chamois,  it  would 
to  fly  round  the  marHhes  and  the  tanks,  in  which  the  former- 
sp«'cios  swam  about ;  it  would  browse  on  the  aromatic  herb«»  of  tb0 
dr)'  paf<tures,  or  nip  the  budn  off  the  trees.  ItJt  speed  was  undoobu 
edly  not  encumlwred  with  a  long  tail ;  but  like  all  tlie  fleet  HinbiMwa^ I 
it  was  probably  a  timid  animal  with  large  moveable  ears,  socb 
those  of  deer,  to  warn  it  of  danger.  It^  boily  would  also  be  clothfli^ 
with  short  liair,  so  that  only  its  colour  is  wanting  to  enable  ns  la 
paint  it  as  it  formerly  enlivened  the  country  of  it«  sepulture. 

The  Aiwploiherium  iejwrinutH  ww  the  aritediluviaa  hare  of  Uv 
aame  ri>gions. 
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7.    The  superior  sandstones  and  marine  sands. — 

'his  formation  is  composed  of  siliceous  sand  and 

mdstone,  in  beds  frequently  of  great  thickness  and 

ixtent,  but  with  the  two  surfaces  seldom  parallel. 

>th  of  them,  and  especially   tlie   upper,  often 

iresent  irregular  prominences  and  hollows,  of  a 

lunded  shape,  which   scarcely  ever  correspond ; 

hence  their  very  variable  and  unequal  depth.  The 

inferior  portion  of  the  beds,  cunsists  oi'a  very  pure 

'sand  quite  destitute  of  fossils  ;  die  superior  afibrds 

lodules  of  iron-ore  disposed  in  horizontal  layers. 

This  lower  mass  of  the  third  sandstone  deposit,  is 

many  places  terminated  by  a  rock  sandstone, 

mestone,  or  siliceous  limestone,  stored   with  sea 

[shells,  constituting  a  marked  second  marine  ibrma- 

ion  above  the  chalk.     It  varies  in  colour,  solidity, 

and  even  composition ;  and  is  evidently  superior  not 

Ibnly  to  the  gypsum,  but  also  to  the  extensive  and 

^very  massive  beds  of  sandstone,  and  siind  witliout 

lells.     There  is  therefore  in  the  environs  of  Paris, 

three  kinds  of  sandstone,  sometimes  very  like  each 

fOther  in  their  mineralogical   characters,  but  very 

different  in  position,  and  geological  nature.     On 

observing  this  last  marine  formation,  placed  in  a 

position  so  diflbrent  from  the  others,  one  cannot 

help  reflecting  on  the  singular  circumstances  which 

must  have  presided  at  the  formation  of  the  beds 

above  described. 

8.  The  third  Jreshitaier  Jb77nation  including  the 
marls  and  the  millstones, — Tliis  ibrmation  is  dis- 
tinguished from  the  two  preceding  by  its  position, 
and  by  some  geognostic  characters,  which  however 
are  not   sufficient   of  themselves,  to  designate  it 
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with  certainty,  when  it  stands  insulated  from  thei 
!St.     But  its  position  in  the  vicinity  of  Paris,  so 
terfectly  distinct  from  that  of  the  second  fresh* 
^atcr  strata,  loaves  no  doubt  as  to  the  difierenc^j 

between  tliese  two  beds,  separated  as  they  are  by  a| 

marine  formation. 


Tliis  uppor  lacustriiie,  or  fresh  water  formation,  is  coniposed  tm\ 
iditTereot  districts  of  different  rocks.     In  the  plain  of  La  Trappe,  im 
coii*itMtK  of  wliiti^,  friable,  or  at  least  tender  calcareou**  tn^rU :  iftl 
tba  einiroiis  uf  Ept^ruon,  of  tranNlucid,  li^lit-gray,  or  bronrii  lioni- 
Btones;  in  the  mountain  of  Triel,  Montrenil,  ^c*,  of  opaque,  trhiw, 
or  rose  coloured  JH»(pery  flints ;  and   on  the  plains*  of    Mcrudun« 
'Montinoreury,    f^anois,    ta    Ferte-sonS'Jonarre,    &c.,  of  porous  ur 
compact  mill  or  bubr  stones,  reddish,  (<rayi»h,  or  whitish  iu  colour, 
sometimes  without  shells,  sometimes  replete  with  limnei,  ploMOrhtit^ 
potamidcSt  helices^  ffyrogonitesy  silicified  woods^  and  otlier  orgaoi»| 
remains,  wliicb  must  have  lived  in  the  fresh  waters,  or  od  the  snr^^ 
face  of  the  suil. 

The  millstones  rest  immediateljr  on  the  sands,  which  contain  tltej 
indstones.     That  formation  coummIs  of  a  ferro-ar^iUaceoos 
^'greenish,  reddish,  or  even  whidsh,  clay  marU  and  millstones  prff*' 
perl)'  so  calleil.     These  tliree  substances  do  not  seem  to  /olloi 
any  fixed  onler  in  their  superpo»<ition  ;  the  milUtone  is  aoi 
above,  sometimes  below,  and  sometimes  in  die  middle; 
same  thing  may  be  said  of  the  sand  or  clay  marl.    The  buhr- 
are  very  rarely  in  continuous  beds,  but  rather  in  ang:ular  pieces, 
if  resultin)^  from  thin  beds,  broken  and  enveloped  in  the  i*.Uy  niari,.] 
and  in  the  iron-clay  sand.     The  millstone  is  well  known  to  be  •{ 
silex,   riddled   throairhout  with  a  multitude  of  ure^lar  raril 
gainiitlu'd  with  <ttliceous  network,  disposed  almost  like  the  rel 
tissue  of  bones,  and  daubed  over  with  a  red  ochrey  varnish, 
cavities  are  often  filled   witli  cluy-marl,  or  clayey  sand.     They 
not  communicate  with  each  other. 

Another  geological  character  of  the  proper  buhr  stoneft,  oaatelyi 
of  such  as  by  the  continuity  of  their  mass  are  fitf^^t  for  nialnog: 
Qour  millstones,  is  the  ab^sence  of  every  organic  body  aniuud  or  vi 
table,  murine  or  fresh  water.     Sometimes  these  stonei  ane  COTtnd 
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ily   with   vegetable   moultl,  but   often   also  we   find  above  'it. 
■ome  compact  tmbr  stones,  Aims,  or  marls,  inrludint,^  frf^h  water 
•belbi  or  other  organic  remains  (not  maiine),  or  diluvial  rolled  peb- 
bles lyinf^  ia  a  coanie  ^^iiied  sand.     The  most  common  asHociale 
of  the  millstones,   U  the  freuhwater  limcatone,  nearly  pure ;  the 
dxtare  of  limeHtone  and  silev  is  next  in  abundance,  and  the  great 
lasses  of  freshwater  siliceous  stuoes  are  lite  rarest.     Wliether  the 
limestone  be  uiarly   or  compact,  it  nhows  vnry  often  cylindrical 
^vities,  irregular,  and  nearly  parallel  though  Rinuous.     Xliis  fresh- 
iruter  limestoni.'  however  hard  when  taken  out  of  tlie  quarry,  some- 
^tiInes  falls  down  into  a   coarse  powder,  by  the  action  of  the  wua- 
iher;  on  which  account  it  is  cbiefiy  used  as  a  manure. 

But  what  characterises  essentially  this  formation,  is  thepresenoa 

kOf    freshwater  and  land   shells,  almost  all  similar  in  genera  to 

'those  now  found  in  the  Fn'nch  marshes  or  pools :  such  as  limrui^ 

>lano7i)es,  poiami/hsy  turbinalerl  shells   akin  to  the  ceritvSy  cychs' 

'tomeSy  /icliceSj  &c.    We  also  find  those  small  round  grooveil  bodies^ 

rhicb  seem  to  be  the  grains  of  a  species  of  chara.   (  See  the  account 

►f  Loch  Bakie,  next  section).    It  is  remarkabh*  ilmr  no  bivalve  sheila 

;cur  in  this  formation,  at  least  in  the  ueighhourhoud  of  Paris. 

The  foUowing  testaceous  moUxuca  occur : 

!ycIo8toma  elegans  antiquum  :  potamidos  Lamarkii ;  plonorbia 
rotundatus,  comu,  Prevosiinns;  limnens  comeus,  fabnlum,  ventri- 
^cosus  inflatus  ;  bulimus  pygmeus,  terebra ;  pupa  Del'iuucii ;  helix 
iXemani*  Desmarestina. 

There    are    also    several    vegetables    of   indeterminate   genera. 
'Among  the  determinate,  are  chara  medicaginula,  helicterea ;  and 
lympliffia  areUmsee  (rliizomn,  a  stihierranean  stati), 

Tliis  freshwater  formation  is  widely  spread,  not 
»nly  over  the  environs  o^  Paris,  even  thirty  leagues 
to  the  soutli,  but  it  is  found  in  other  districts  of 
France.  It  has  been  recognised  by  M.  Brogniart 
in  Cantal,  and  in  the  department  of  Puy-de-Dome  j 
and  it  occurs  in  many  other  places,  but  constantly 
with  the  same  characters.     It  is  matter  of  surprise. 
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therefore^  that  it  has  iiithcrto  beeu  so  little  noticed 
by  naturalists.     (^Sec  next  Section,) 

Tlie  great  extent  of  this  formation  m  the  cnvi 
rons  of  Paris,  and  its  presence  in  many  other  places^ 
must  make  us  admit  the  existence  of  great  bodies 
►f  fresh  water  in  the  ancient  state  of  the  e 
Although  we  had  no  other  examples  of  such  exten 
sive  inland  lakes,  it  would  not  seem  more  difficult 
to  believe  that    they  must  have  existed,  tlian 
admit  the  presence  of  tJie  sea  over  the  groun 
which  constitutes  our  actual  continents,  along  with 
so  many  other  geological  phenomena,  no  less  inex 
plicable,  though  they  cannot  be  contested. 

But  in  the  case  under  consideration,  we  ha 
'still  before  us  in  the  present  state  of  tlie  ea 
examples  of  fresliwater  lakes,  almost  equal 
lengtli  to  I'rance  from  nortli  to  south,  and  of  im- 
mense breadth.  We  need  merely  look  to  a  map  of 
North  America  to  be  struck  with  the  vast  ra 
tude  of  lakes  Superior,  Michigan,  Huron,  Erie  an 
Ontario. 

And  in  the  operations  of  the  petrifying  calcareo 
waters  now  forming  the  travertvio  of  Italy,  we  hav 
an  example  of  a  great  freshwater  fonnatioQ  of 
rocky  strata,  as  dense  as  any  in  the  Uraestone  bed*; 
of  Paris. 

On  reconsidering  these  beds  from  the  chalk  up- 
wards, we  conceive  first  of  all  a  sea  depositing  on 
its  bottom  an  immense  mass  of  chalk,  and  mollusca 
of  peculiar  species.  This  precipitation  of  the  chalk, 
and  of  its  attendant  shells  suddenly  stops  ;  the  sea 
retires,  waters  of  another  kind,  very  probably  ana- 
logous to  that  of  our  freshwater  lakes,  succeed,  ami 
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ail  the  hollows  of  the  maiinc  formation  arc  filled  up 
with  clays,  debris  of  land  vegetables,  and  of  fresh- 
water shells.  But  soon  another  sea,  producing 
new  inhabitants,  nourishing  a  prodigious  quantity 
of  testaceous  moHusca^  entirely  different  from  those 
of  the  chalk,  returns  and  covers  the  clay,  its  lignites, 
and  their  shells,  to  deposit  on  that  basis,  thick  beds, 
composed  in  a  great  degree  of  the  shelly-coverings 
•of  these  new  rnollusca.  By  degrees,  this  produc- 
tion of  shells  diminishes,  and  also  comes  to  an  end  ; 
the  sea  withdraws,  and  the  soil  is  again  covered 
with  lakes  of  freshwater.  Alternate  strata  are 
formed  of  gvpsum  and  marl,  which  envelope  both 
the  debris  of  the  animals  bred  in  the  lakes,  and  the 
bones  of  those  which  lived  on  their  banks.  The 
fiea  comes  back  once  more  ;  it  breeds  at  first  some 
species  of  bivalve  and  turbinated  shellfish,  which 
disappear,  and  are  replaced  by  oysters.  An  interval 
of  time  now  elapses  during  which  a  great  mass  of 
sand  is  deposited.  We  are  led  to  beJieve  that  no 
organized  bodies  lived  at  that  period  in  this  sea,  or 
that  their  exuvise  have  been  completely  destroyed  ; 
for  none  are  to  be  found  in  the  sand-bed.  But  the 
varied  productions  of  this  third  sea  re-appear,  and 
we  again  observe  on  the  summit  of  Montmartre, 
Romainville,  the  hill  of  Nanteuille-Hadouin,  &c-  the 
same  shells  as  were  found  in  the  marls  placed  over 
the  gypsum,  which  though  really  different  from 
tliose  of  the  coarse-grained  limestone,  are  still  con- 
siderably like  them.  Lastly,  the  sea  withdraws 
entirely  for  the  third  time.  Lakes  or  marshes  of 
freshwater  take  its  place,  and  cover  with  the  re- 
mains of  their  inhabitants,  the  tops  of  almost  all  the 
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hills,  and  the  surfaces  also  of  some  of  the  plaius  be-^ 
tween  them. 

Such  is  a  brief  transcript  of  the  admirable  memoir 
of  MM.  Cuvier  and  Bro-^niart  on  the  most  inter- 
esting formation  hitherto  explored  by  the  joint  re- 
sources of  geolopfy  and  physiology.  It  exhibits  aa 
unfading  picture  of  the  convulsions  which  the 
primeval  globe  suffered,  a  few  centuries  prior  to  its 
close.  The  chalk  beds  of  both  the  Paris  an 
Ixtndon  basins  evidently  stood  at  Hrst,  near 
the  level  of  that  ancient  ocean,  as  may  be  d 
duced  from  the  billowy  undulations  on  their  sur- 
face. Had  they  lain  deep  under  water,  the  rollhig 
of  the  waves  could  not  have  chequered  their 
face  with  those  remarkable  ridges  and  excava* 
tions,  which  still  exist  to  indicate  the  cause  of  their 
origin. 

1.  It  was  about  this  geological  epoch,  tliat  some 
of  the  great  fields  of  basaltic-lava  were  poured  forth 
from  the  interior  of  the  globe,  spreading  over  the 
secondary  strata  of  chalk  and  sandstone,  as  we  see^ 
exemplified  in  the  north  of  Ireland,  in  Scodand,  and 
many  other  countries.  The  epoch  of  the  covering 
over  ol'  the  great  chalk  formation  of  Antrim  with 
basalt,  coincides  with  the  covering  of  the  chalk 
basins  of  Paris  and  the  Isle  of  Wight,  with  their 
tertiary  strata.  The  acts  of  eruptive  violence  whic 
immediately  clothed  the  submarine  chalk  surface  c 
one  region  with  an  immense  sheet  of  lava,  ma 
have  upheaved  the  chalk  slightly  above  the  level 
the  sea  in  atiother  district  not  far  distant,  thus  con- 
verting a  marine  basin  into  an  estuary  of  great  ex- 
tent, which   probably  comprehended  at  once  the 
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London,  Isle  of  Wight,  and  Paris  basins.  For  the 
depression  between  tfieni  that  forms  the  bed  of  the 
English  Channel,  is  very  trifling  in  proportion  to  its 
extent  of  surface  ;  and  is  very  much  exceeded  in 
depth  by  the  large  continental  lakes.  The  greatest 
observed  depth  of  the  water  at  the  western  extremity 
of  the  Channel,  between  the  Land's  End  and  Ushant, 
is  only  7^  fatlioms,  the  distance  between  tiie  two 
places  being  about  30  leagues  of  30  to  a  degree ; 
whereas  the  lake  of  Geneva  is  nearly  double  that 
depth  between  Lausanne  and  Evian,  while  the  dis- 
tance between  the  two  latter  places  is  only  about 
3  leagues.  The  greatest  depth  of  water  in  the 
narrowest  part  of  the  Channel^  between  Dover  and 
Cape  Blanc  Nez  is  thirty  fathoms,  and  the  distance 
6  leagues;  and  between  Cape  La  Hague  and  the 
Isle  of  Portland,  a  distance  of  about  16  leagues^  the 
depth  of  water  is  only  J-.j  fathoms.* 

2.  The  estuary  cut  off  from  the  sea  by  alluvium 
at  its  mouth,  would  become  progressively  fresh  by 
the  influx  of  river  streams,  and  change  into  a  lake, 
on  wliosc  bottom,  clay,  vegetable  remains,  and 
freshwater  shells  would  be  deposited. 

.5.  But  as  the  phenomenon  of  trap  veins  transpierc- 
ing one  another,  proves  that  a  series  of  submarine 
convulsions  took  place  at  successive  periods,  a  second 
eruption  of  basalt  might  inundate  tlie  lake  tor  a  season 
with  a  shallow  body  of  sea-water,  introducing  with 
it  a  colony  of  new  inhabitants.  By  successive  de- 
posits of  their  exuvia*,  along  with  calcareous  matter 
and  sand,  the  bottom  w^ould  eventually  rise  above 


•  Mr.  de  ta  Becht; ;  Qcol  Trans.  Sd  Series  VuU  (.>  89. 
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the  tide  level ;  and  the  sea  would  thus  be  slowly 
shut  out,  as  the  floodgate  became  more  complete ; 
tlic  production  of  sea-shelis  would  proportionally 
diminish,  and  cease  entirely,  as  the  sea  withdrew, 
and  the  ground  became  once  more,  first  a  brackish 
marsh,  and  then  a  freshwater  lake.  (Peu  a  pea 
cette  production  de  coquilles  dimimt€y  ei  cesse  tout-a^ 
fait  y  la  mer  se  retire,  et  le  sol  se  couvre  de  laes 
d^eau  douce,) 

4.  Now  were  formed  the  solid  deposits  of  marly 
limestone,  as  in  the  travertino  of  Italy :  now  tlie 
gypseous  waters  let  fall  their  precipitate  of  soft 
plcister,  which  gradually  consolidated  round  the 
bones  of  the  anoplotheriOy  pal/eotheria,  birds,  croco* 
diks,  trionyr  tortoises,  palms^  and  other  produc- 
tions of  the  tropical  climate  which  then  obviously 
must  have  prevailed  in  the  latitudes  of  London 
and  Paris.  Tlie  period  of  tlie  deluge  was  now 
drawing  nigh,  and  partial  dislocations  of  the  strata* 
began  to  betoken  that  awtul  catastrophe.  The 
ocean  bed  once  more  upheaved  by  a  submarine 
expansive  force,  caused  its  waters  to  surmount  the 
embouchure  of  the  Parisian  basin,  and  make  it 
again  an  estuary  of  the  sea. 

5,  Now  the  third  marine  formation  of  Brogniart 
or  second  above  the  chalk  commenced,  with  its 
yellow  clay-marls,  its  sandstone,  and  marine  8aiid% 
it5  marl  limestone,  and  upper  sea  marls.  These* 
deposits  on  reaching  a  certain  height,  necessarily 
became  a  barrier  to  the  sea,  reconverting  the  hasin 
into  a  freshwater  lake. 

fi.  In  this  state  it  continued  till  by  succe^ive 
depositions,  and  the  drainage  of  the  waters,  after 
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tlie  deluge,  it  was  finally  brought  into  the  existing 
condition. 

Thus  the  vicissitudes  of  the  land  and  ocean, 
portrayed  in  tlie  tertiary  formations,  harmonise 
perfectly  with  other  terraqueous  phenomena  of  the 
same  geological  period.  The  whole  may  be 
regarded  as  characteristic  preludes  of  that  storm, 
which  ere  long  destroyed  the  old  world  and  its 
inhabitants. 

§  VIII.  CONCLUDING  OBSERVATIONS  ON  TERTIARY 
STRATA. 

These  tertiary  strata  which  a  few  years  ago  had 
been  noticed  only  in  the  basins  of  Paris  and  London, 
are  found  to  be  most  extensively  distributed  over 
the  surface  of  the  globe.  Their  existence  is  now 
familiar  to  us,  in  almost  every  state  in  Europe, 
particularly  in  the  Sub-Appenine  formations,  where 
they  have  been  so  well  described  by  Brocchi,  and 
are  now  receiving  further  illustration  from  the 
able  hand  of  Professor  Guidotti  of  Parma.  Again 
we  trace  tliem  round  the  shores  and  in  the  islands 
of  the  Mediterranean  ;  at  MontpcUier  and  Nice ; 
at  Savona,  Volterra  and  Rome : — in  the  fish-beds 
of  Mount  Lebanon, — and  the  nummulite  limestone 
that  forms  the  foundation  of  the  pyramids  of 
'Egypt.  We  recognise  them  also  along  the  north- 
ern shores  of  Africa,  and  in  Malta,  Sicily  and  Sar- 
dinia. Mr.  Strangways  has  traced  them  largely  in 
the  Steppes  of  Southern  Russia — and  on  the  shores 
of  the  Black  Sea  and  the  Caspian.  The  Russians 
in  their  expedition  to  Bokaria,  have  found  them  on 
the  borders  of  Lake  Aral ;  and  finally  on  tlie  autho- 
rity  of  Mr.  Crawfurd's   discoveries,  we   establish 


342 


UOOK  II.-CHAP.  V.-SUrERIOR  STRATA, 


them  in  a  considerable  district  of  the  Burme3e  em- 
pire beyond  the  Ganges.* 

Mr.  Colebrooke  has  pointed  out  analogies  be- 
t^^'een  the  tertiary  deposits  of  England  and  those 
of  Caribari,  whicli  form  a  band  at  the  base  of  the 
Thibetian  mountains,  and  extending  to  Silhet, 
contain  nummulites  similar  to  those  imbedded  in 
the  tertiary  limestone  of  the  Egyptian  pyramids^ 
and  of  frequent  occurrence  in  the  calcareous  rocks 
of  the  same  epoch  in  northern  Italy.  The  beds  ofl 
Carihari  present  the  very  association  of  organized 
remains,  that  characterise  the  tertiary  strata  of 
Europe,  in  which  extinct  genera  of  the  Pachyder- 
raata  have  been  discovered .t 

l^he  distribution  of  tlie  tertiary  strata  in  discon- 
tinuous  patches  and  bitsins,  is  another  interesting 
phenomenon  in  geology  which  has  lately  received 
illustration  from  the  indefatigable  science  of  Dr. 
Buckland. 

Thus  the  tertiary  beds  of  the  London  formation 
become  gradually  contracted  in  their  progress  west- 
ward  through  Berkshire,  until  tlicy  terminate  in  a 
point  at  Savernake  Forest,  between  Ilungerford 
and  Marlborough.  The  strata  of  chalk  on  which' 
these  formations  repose,  dip  inwardly  from  the  cir- 
cimiference  towards  the  axis  of  the  basin,  and  sink 
nearly  on  all  sides,  beneath  overlying  beds  of  the] 
plastic  and  London  clays.  To  this  arrangement,  x 
remarkable  exception  occurs  near  the  south-western 
extremity  of  the  basin,  a  few  miles  to  the  south  of 


•  Rev-  Dr.  Buckland.    Geol.  Trans.  2d  Serieo,  Vol.  II.  p.  3B7. 

t  Mr.  Pentland,  ibid  p.  394- 


BUCKLAND*S  VALLEYS  OP  ELEVATION.'  S4S 


Newbury,     Here,  to  the  west  of  Kiiigsclere,  there 
is  a  sudden  and  unusual  elevation  of  the  chalk, 
accompanied  by  fracture  and  an  inverted  dip.    At 
Inkpen  hill  the  chalk  rises  to  the  height  of  1011 
feet,  its  greatest  elevation  in  England.    The  saddle 
fomi,  or  opposite  dip  from  Inkpen  to  Highclere  is 
seen  in  the  chalk  pits  along  the  intermediate  valleys. 
The  drainage  of  such  valleys  is  generally  effected 
by  an  aperture  in  one  of  their  lateral  escarpments, 
and  not  at  either  extremity  of  their  longer  axis,  as 
would  have  happened  had  they  been  excavated 
simply  by  tlic  sweeping  force  of  water ;  and  as  it 
is  utterly  impossible,  according  to  Dr.  Buckland, 
to  explain  the  origin  of  any  valleys  of  this  descrip- 
tion by  denudation  alone,  or  of  their  terminal  ridges, 
excepting  by  a  force  upheaving  them  from  below, 
and  elevating  their  strata  along  their  central  axis  of 
fracture,  he  designates  them  by  the  title  oi'valIej/$ 
of  elevation ;  making  due  allowance  for  the  sub- 
sequent  effect   of  diluvial  denudation.      A   very 
decided  example  of  a  valley  so  formed,  is  that  of 
the  Weald  of  Kent  and  Sussex,  already  adverted 
to,  p.  273.     These  phenomena  may  be  regarded 
as  of  frequent  occurrence  in  the  formations  of  all 
ages,  and  as  indicating  the  multitude  of  disturbing 
causes  by  which  the  earth's  surface  has  been  af- 
fected. The  same  evidence  proves  that  the  present 
inwards  inclination  of  tlie  southern  edges  of  the 
basins  of  London  and  Hampshire  has  taken  place 
since  the  deposition  of  the  plastic,  and  probably  of 
the  London  clay  ;  synchronous  with  the  Paris  basin. 
Now,  do  these  plains  afford  any  proof  that  the 
tertiary  strata,   which    repose  almost    exchisively 
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witliin  their  basins,  have  been  originally  more  con- 
tinuous than  they  are  at  present,  or  perhaps  united  j 
together  ?  In  fact,  their  disjoining  hilly  ridges,  1 
var}ing  in  height  from  600  to  lOUO  feet,  exhibit  on  \ 
tljeir  loftiest  summits,  traces  of  the  ancient  union  1 
of  the  tertiary  strata.  The  separation  into  the  two 
iiistinct  basins  of  Tendon  and  Hampshire,  has  I 
resulted  partly  from  local  elevations  and  deprcs-  j 
sions  by  subterraneous  violence,  since  the  deposi-  \ 
tion  of  the  plastic  clay ;  and  partly  from  the  more  j 
recent  removal  of  much  of  tlieir  substance,  byj 
diluvial  denudations.  J 

To  tliis  head  belongs  the  remarkable  fact  of  the 
occurrence  of  insulated  portions  of  tertiary  strata,! 
as  well  as  of  chalk  and  greensand  on  tlie  sumraitai 
of  the  Savoy  Alps,   at  elevations  of  more   than 
10,000  feet  above  the  level  of  the  sea  \  which  seem  j 
to  bear  the  same  relation  to  the  tertiary  strata  of 
the  valleys  of  Italy,  France,  and  Germany,  that  out 
trifling  hills  of  Inkpen,  Blackdown,  and  the  North] 
Downs,  bear  to  the  lower  regions  of  the  English 
basins.     "As  these   Alpine  deposits  are  contein-l 
poraneous  fragments  of  the  more  extensive  strataj 
of  the  adjacent  low  countries,  we   are  forced  ia 
explaining  their  present  position,  to  adopt  one  or 
other  of  two  conclusions  ;  eitlier  that  at  the  time  of 
the  deposition  of  tliese  strata,  the  sea  covered  not 
only  tlie  liighest  portions  of  the  chalk  of  England, 
but  also  the  smnmits  of  tlie  Savoy  Alps ;  or,  that  ] 
since  tlie  deposition  of  these  beds,  by  elevation  of 
the  mountains  or  depression  of  the  valleys,  or  by  ' 
the  united  effect  of  both  these  causes,  tlie  relative 
level  of  the  one  to  the  other  has  been  changed  ti> 
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an  amount  of  many  thousaiul  feet.  Now,  as  the 
undisturbed,  and  nearly  horiicuntal  position  in 
which  the  tender  and  frangible  materials  of  the 
tertiary  strata  still  remain  in  the  basins  of  Paris  and 
Loinbardy,  forbids  us  to  suppose  that  any  depres- 
sion could  have  brought  them  down  so  quietly 
to  tlieir  present  level,  the  theory  of  the  elevation 
of  those  few  portions  which  occupy  the  Alpine 
summits,  remains  by  far  tlie  most  probable  tliat  is 
submitted  to  our  choice."* 

The  idea  first  suggested  from  the  examination  of 

the  basins  of  Paris  and  Lombardy,  that  the  tertiary 

strata  were  hmited  in  tlieir  extent  to  certiiin  hollow 

I'Bpaces,  within  the  area  of  the  chalk,  has  been  proved 

r|o  be  incorrect,  by  the  discovery  of  similar  strata, 

very  extensively  over  Europe ;  an  excellent  account 

■^f  which  has  been  recently  given  by  M.  Brogniart, 

in  the  ^d  echtion  oi'  his  History  of  the  Environs  of 

Paris. 

They  have  been  found  to  occur  also,  as  we  have 
'^aid,  in  the  most  distant  regions  of  Asia,  Africa, 
and  America  ;  so  that  deposits  which  were  at  first 
j^nsidered  as  simply  local,  are  proved  to  be  among 
the  most  extensive,  as  well  as  the  most  recent,  that 
^ave  taken  place  on  the  globe  ;  and  as  their  general 
position  is  certainly,  for  the  most  part,  in  the  lowest 
fpaces  of  the  earth's  suriace,  and  theii'  existence  on 
[inountain  summits  but  an  occasional  and  rare  ano- 
laly,  the  most  simple  solution  of  tlieir  appearance 
[in  such  lofty  situations,  will  be  foimd  in  the  hypo- 
[^esis,  that  these  mountains  have  been    elevated 

•  Dr.  Buckland—Geol.  Trans,  id  Serica,  Vol.  II.  p.  1 19. 
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since  the  period  at  which  the  deposition  of  th< 
tertiary  strata  took  place.* 

The  freshwater  formations  of  the  tertiary  sirat«j 
►f  Paris,  London,  &c.  luve  had  much  light  thro\*i 
on  their  origin,  by  Mr.  Lyell's  masterly  exaniinati< 
iof  the  freshwater  limestone,  of  Loch  Bakie  in  For- 
^farshire. 

This  limestone  resembles  the  tufa  deposited  bj 
iprings  which  issuing  highly  charged  with  car<^ 
»onic  acid  or  sulphuretted  hydrogen  from  lim< 
tone  strata,  contain  a  quantity  of  lime  in  solution;] 
ids  in  Italy  at  the  waterfall  of  Terni,  at  the  balhs 
St  Philip  on  the  frontiers  of  Tuscany  some  mil* 
iirom  Radicofani,  and  near  Rome  at  the  cascade 
Tivoli,  and  the  lakes  of  Tartari  and  Solfatarnu  Tl 
modern  deposit  most  analogous  to  that  of  the  Bakie^l 
is  the  limestone  now  forming  daily  under  water  at] 
Czegled,  and  other  plains  in  Hungary,  as  describe 
by  M.  Beudant.  It  encloses  Planoi^bes  and  oth< 
shells  identical  with  those  living  in  the  neighbour- 
ing marshes.  //  is  traversed  by  irregular  tub( 
wliich  are  'perpendkular  to  the  surface  of  the  slabs  ; 
and  are  considered  by  M.  Beudant,  as  liaving  bi 
caused  by  the  disengagement  of  gas. 

Of  the  ancient  freshwater  limestones,  the  roi 
similar  to  the  rock  marl  of  the  Bakie  are  those 
Italy.  This  kind  of  limestone  having  been  quarriedj 
extensively  by  the  Romans  near  Tivoli  (Tibur)  hi 
acquired  in  Italy  the  name  of  travertine,  (i 
tiburtimts),  a  term  generally  aj>plied  now  to  anyl 
modem  tufa,  or  sort  and  cavernous  limestone.    Tb« 
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travertino  is  white  when  first  taken  from  the  quarry, 
but  after  a  time  it  becomes  yellowish,  and  at  length 
acquires  that  reddish  line  which  is  so  agreeable  to 
the  eye,  and  so  mucli  heightens  the  architectural 
effect  of  the  monuments  of  ancient  Home.  It  is 
the  material,  in  fact,  of  which  not  only  the  Coliseum 
and  many  other  ancient  works  in  Rome  arc  con- 
structed, but  also  the  far  older  temples  in  the  Gre- 
cian colony  of  Pa'stum. 

The  long  sinuous  cavities  which  pass  from  the 
bottom  to  the  top,  so  parallel  to  one  another  as  to 
^appear  artificial,  are  considered  by  M.  Brogniart 
of  invariable  occurrence  in  the  freshwater  lime- 
[jjtonesof  all  countries,  and  as  absolutely  characteristic 
rof  such  formations.  He  also  traces  the  origin  of 
[the  hills  of  travertino  which  bound  the  valley  of  the 
llza  in  Tuscany,  to  rivulets  actually  existing  which 
\Bt\U  deposit  tufa,  and  which  before  the  suriace  was 
lodified  by  the  eruptive  and  denudating  violence  of 
^the  deluge,  flowed  out,  and  deposited  tufa  on  a 
;vel  with  the  summit  of  those  hills. 

In  the  marl-loch  of  the  Bakie,  Mr,  Lyeli  points 
>ut  close  analogies  with  the  particulars  recorded  by 
M.  Cuvier  and  Brogniart  of  the  freshwater  de- 
losits  of  the  Paris  basin,     1st,  There  is  a  very  com- 
>act  limestone,  crystalline  in  parts  j  i2d,  extensive 
[deposits  of  white  and  yellowish  calcareous  marl,  in 
'hich  testaceous  remains  are  of  casual  occurrence; 
Id,  vegetable  remains  wliolly  converted  into  lime- 
stone.    The  only  distinctive  feature  in  the  ancient 
icustrine  deposits  is  the  fiints,  either  in  noduJes  or 
calcareo-siliceous  beds  ;  but  even  these  are  formed 
by  modern  thermal  waters  under  volcanic  influence, 


BOOK  n.-CIIAP.  V.-SUPERTOR  STRATA. 


whence  M.  Brogniart  conjectures  that  the  silex  of 
Lcient    freshwater    formations    was    precipitated 
'Iiere  we  now  find  it,  from  the  waters  of  thermal 
irings. 

Between  the  aquatic  plants  and  animals  of  the 

;ancient  and  modern  deposits,  the  closest  relation 

subsists  'y  the  genera  in  the  two  cases  being  nearly 

identical.     In  both  cases,  among  the  testacea,  are 

mnefiE,  planorbes,  &c. ;  among  the  Crustacea — the 

^enus  cypris ;    and  among  the  plants,  the  genus 

chara,  with  its  fossilized  seed-vessel  the  gyrogonite. 

Beautii'ul    engravings  of  the  fossil  charas   of  tlie 

Bakie  rock-marl  accompany  Mr.  Lyell's  verj'  inter- 

i^sting  paper, 

Tlie  pmall  puinl  among  ihe  mcfginil 
fijfiirefi,  in  the  gyrnifonitA,  or  foflsilind 
pericaipium  of  cltnra>  fi^und  in  tk 
tafaceoa.1  limeHtone  of  the  Bakie  Lochj 
of  tho  natnral  nxe.  The  laiye 
6giire  IB  the  alcove  magiii6e<l  20 
meten,  aud  tlie  round  ou«,  repi 
tbe  lower  end,  to  which  llie  st*'m  was  attached.  The  chara 
eaginula  of  the  lower  freshwater  formation  of  the  Isle  of  Wtgfat  U 
nearly  twice  the  above  size,  and  different  in  its  spirea. 

The  magnitude  of  the  ancient  freshwater  Iak< 
is  not  without  modem  parallel,  though  nowadaj'sj 
tlie  deposition  has  become  comi>aratively  slow  froi 
the  reduced  temperature,  and  smaller  dimensiontl 
of  the  present  race  of  European  testacea," 

If  tliis  earth  be  a  school  of  virtue  to  man  underj 
the  direction  of  Providence,  and  if  public  calami*^ 
ties  be  requisite  to  maintain  its  moral  discipline. 
over  the  short-lived  race  of  the  present  day,  what 
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penal  prodigies  would  be  necessary  to  resUain  the 
wickedness  of  Cain  and  his  apostate  brood  !     The 
inspired  historian  docs  not  indeed  give,  in  his  brief 
:ctch  of  antediluvian  society,  any  details  of  such 
'casional  manifestations  of  Divine  wrath,  though 
le  disordered  fabric  of  the  globe  bears  ample  tes- 
imony  to  their  repeated  occurrence,  but  in  his 
►lemn   account   of  the   concluding   catastrophe, 
le  most  explicitly  ascribes  the  physical  con\^ilsions, 
the  indignation  of  Heaven,     He  tells  us  morc- 
iver,  that  Noah,  favoured  with  a  prophetic  view  of 
le   coming  calamity,  built  by  Divine  command  a 
rast  edifice  of  wood  to  float  himself  and  family 
lirough  an  universal  deluge,  from  which  no  other 
lodc  of  escape  would    be  possible.     That  Noah 
as  commissioned  to  declare  to  the  reckless  mor- 
ils  around  him,    the  long-suffering  of  God,    and 
preach    repentance,  while  the   ark   was   pre- 
larmg,   St.  Peter  expressly  informs  us.     We  may 
'eadily  imagine  the  derision  with  whicli  the  unpar- 
lleled   architecture   of  the   pious   patriarch    was 
■egarded   by   his   compatriots ;    and  tlie   insolent 
Icfiance  with  which  they  received  the  achnonitions 
of  the  Almighty.     That  Noah's  warning  voice  was 
-seconded  by  miraculous  powers  over  the  pheno- 
lena  of  nature,  we  are  not  told.     But  as  Moses, 
and  all  his  great  successors,  were  furnished  with 

iBupomatural  credentials  of  their  jirophetic  mission, 
there  is  little  reason  to  doubt  tliat  to  Noah  also  such 
powers  of  controlling  or  predicting  events  might 
be  delegated,  as  would  strike  terror,  for  a  time  at 
least,  into  the  most  depraved  and  the  boldest 
hearts. 
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BOOK  III.— THE  DELUGE, 

Xyi  WHICH  THE  CAUSES  OF  THE  ANTECEDENT  REVOLUTIOICS  OT 
TUE  EARTH.  AVD  ORGANIC  BEINGS  ARE  CONSIDERED. 


CHAP.  I.— PHYSICAL  RECORDS  OF  AN  UNIVERSAt 
DELUGE,  WHICH  NEW-MODELLED  THE  EARTH. 

**  I  CONCLUDE  with  MM.  Deluc  and  Dolomicu,*i 
lays  the  ilhistrioiis  Cuvier,  "  that  it'  there  be  an] 
iact  well  establislied  in  geology,  it  is  tliis,  that  thi 
Burface  of  our  globe  has  suffered  a  great  and  suddei 
•revolution,  the  period  of  which  cannot  be  dat* 
further  back,  than  five  or  six  thousand  years.  Till 
revolution  has  on  the  one  hand,  ingulphed  an< 
caused  to  disappear,  tlie  countries  ibrmerly  inhabil 
.ed  by  men,  and  the  animal  species  at  present 
known  ;  and  on  the  other,  has  laid  bare  the  bottoi 
,of  the  last  ocean,  thus  converting  its  channel  ifll 
jthe  now  habitable  earth."* 

That  a  great  expansive   and  subversive  pow< 
'.•exists  within  the  crust  of  the  earth,  which  has 
-jemote  periods,  acted  with  prodigious  force,  raisi 
[iup  and  laying   dry  those   submarine    strata, 
;tran3ferring  the  waters  of  the  ocean  thence  ov 
;ancient  lands,   is  attested  by  innumerable  phent 
jFjmena.      Concerning  the  chemical  nature   of  till 
►ower,  tliere  can  be  little  doubt.    Modern  volcani 
•niptions,  though  merely  its  expiring  efforts,  clearly 
indicate,   that   the  earthy  and  alkaline  oxides  ot 
the  terrestrial  crust,  exist  interiorly  in  a  metallic 

*  Boron  Cu\-ier — O.^cment  Fouilcji,  Ducuun  PreliminAire,  p.  1J4 
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State,  fused  by  the  central  heat,  ready  to  produce 
explosion  to  any  imaginable  extent,  on  the  influx 
of  water. 

Of  this  mighty  deluge,  the  concomitant  and 
effect  of  the  transflux  of  the  ocean  which  anciently 
jcovcred  a  large  portion  of  the  present  habitable 
^rth,  we  have  univerSid  evidence.  Nearly  the 
whole  table  lands,  and  gentle  acclivities  of  the 
mountains  are  covered  with  deposits  of  gravel  and 
loam,  to  the  production  of  which  no  catise  now 
peen  in  action  is  adequate,  and  whicli  can  therefore 
e  referred  only  to  the  waters  of  a  sudden  and 
transient  deluge.  This  deposit  is  hence  called  t/i/w- 
tnum  by  geologists.  In  it,  the  pebbles  and  loam  are 
always  promiscuously  blended,  whereas  among  the 
iregular  secondary  and  tertiary  strata,  they  occur 
separate  in  alternate  beds.  The  term  alluvium  is 
bestowed  on  the  marl,  sand,  and  gravel  deposited 
by  existing  rivers  and  lakes,  or  on  planes  exposed 
to  occasional  inundation.  The  ablest  writers, 
jCuvier,  Buckland,  IJrogniart,  Conybeare,  &c,  now 
opt  these  distinctions. 

"  In  the  whole  course  of  my  geological  travels," 
ys  the  Rev.  Dr.  Auckland,  "  from  Cornwall  to 
aithncss,  from  Calais  to  the  Carpathians,  in  Ire* 
nd  or  in  Italy,  I  have  scarcely  ever  gone  a  mile, 
without  finding  a  perpetual  succession  of  deposits 
f  gravel,  sand,  or  loam  in  situations  that  cannot 
e  referred  to  the  action  of  modern  torrents,  rivers 
or  lakes,  or  any  other  existing  causes;  and  with 
respect  to  the  still  more  striking  diluvial  phenome- 
non of  drifted  masses  of  rocks,  the  greater  part  of 
e  northern  hemisphere,  from  Mosco'w  to  the  Mis^ 
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sissipi,  is  described  by  ^'arious  geological  travellei 
as  strewed  on  its  hills  as  well  as  valleys,  with  bloci 
of  gi'anite  and  other  rocks  of  enormous  magnitudi 
which  have  been  drifted  (mostly  in  a  direction  froi 
north  to  south)  a  distance  sometimes  of  many  hui 
dred  miles  from  their  native  beds,  across  mountaii 
and  valleys,  lakes,  and  seas,  by  a  force  of  wai 
which  must  have  possessed  a  velocity  to  whi< 
nothing  that  occurs  in  the  actual  state  of  the  glol 
affords  the  slightest  parallel." 

Theorists,  particularly  of  the   Huttonian  cree( 
have  greatly  overrated  the  disintegrating  power 
streams  on  the  surface  of  the  globe,  and  the  c< 
quent  extent  of  common  alluvium.     Their  fictiol 
of  cosmogony  required  a  transfer  of  the  mountaii 
elevations  and  table-lands  to  the  bottom  of  the 
and  they  did  not  fail  to  paint  their  rapid  transpoi 
and  deposition  there.    To  the  erosion  of  a  streamlel 
iiowever  inconsiderable  its  size,  they  ascribed  tl 
excavation  of  every  great  valley  which  it  travej 
['But  tliis  is  often  a  mere  thread,  compared  to  tli 
sloping  width  of  the  valley,  and  sliould  at  the  utmi 
have  proiluced  merely  a   narrow  and  precipitout] 
glen.    The  observed  action  of  such  a  brook  is  rathw 
to  fill  up  the  dell  through  which  it  glides,  than 
enlarge  its  dimensions.    We  may  ask  these  theorists^l 
how  the   Gave  in   the   territory  of  Beaniy  could 
scoop   out   incQgnilOy   so   to   speak,   the   profound 
excavation,  in  whose  bottom  it  is  encased,  near  the 
bases   of  tlie   Pic  de  Bergon  above  St.   Sauveur, 
between   two  natural  walls,  several   hundred  feel 
high,  composed  of  very  hard  petrosilex  (chert),  the 
flat    surfaces   and  acute  angles  of   >\hich  displav 
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through  their  whole  height,  no  sign  of  erosion,  or 
of  the  action  of  water,  save  at  the  very  bottom, 
where  the  river  has  shghtly  rounded  the  rocky  pro- 
minences, but  always  at  the  same  level,  though 
sweeping  over  the  channel  for  so  many  ages  ?  In 
'fiict,  rivers  occupy  the  bottom  of  the  valleys,  which 
were  previously  hollowed  out  by  the  diluvial  deflux, 
to  be  presently  described.  An  example  will  hardly 
le  found  of  a  valley,  which  can  be  legitimately 
ascribed  to  the  action  of  the  stream,  that  is  seen 
|>assing  through  it. 

Torrents  indeed  do  exercise,  on  the  surface  of 
the  earth  a  real  digging  and  degrading  action,  yet 
from  the  meaning  attached  to  the  term,  this  action 
Lcannot  be  extensive ;  for  a  torrent  is  a  stream  of 
[water  running  down  a  rapid  slope.     But  on  com- 
paring the  height  of  the  most  elevated  summits  of 
the  earth,  with  tlie  expanse  of  its  surface,  the  total 
leclivity  of  any  river  must  be   very  gradual,  its 

irrent  force  must  be  restrained  to  narrow  limits, 
md  its  effect  be  confined  to  the  formation  of  short 

td  strait  ravines.    Even  this  action  is  for  the  most 
lart  merely  local   and   transient,  as  every  person 


lay  convince  himself  by 


visiting 


hitrh  mountain 


lains.     It  presents  no  remarkable  effect  except  on 
le   heaps  of  rubbish  (diluvial)   which  cover   the 
ides  of  the  mountains ;  or  on  broken  rocks,  par- 
tially decomposed  by  other  means ;   or  on  loose 
til.    The  results  of  this  very  action  tend  to  restrain 
within  still  narrower  limits,  by  strewing  about  on 
le  valleys  or  plains  at  the  outlets,  the  rubbish  which 
le  torrents  had  swept  down.     The  elevation  of  the 
groimd,  a  necessary  consequence  of  the  accumulated 
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debrisi    diminishes    proportionally   the    slope,   tlii 
fapidity,  and  the  power  of  the  water. 

The  impulsive  force  of  great  masses  of  runningj 
water  is  undoubted,  and  w  ill  be  afterwards  exeatplUj 
fied.  But  tiie  operation  of  river  torrents,  appean 
great  to  us  only  because  we  judge  according  to  the 
measure  of  our  feeble  means.  But  how  slight  and 
circumscribed  are  the  changes  thereby  produced  oa 
the  configuration  of  the  globe,  in  comparison 
those  wide  and  long  valleys,  which  in  miiltitudeil 
furrow  the  immense  surface  of  the  earth  !  It  may  be 
'proved  indeed  that  neither  torrents  nor  tlie  great 
lexisting  water-runs  have  in  any  manner  contributed! 
to  their  formation. 

Rivers  while  flowing  amid  their  parent  moui 
tains,  frequently  partake  of  the  character  of  torrenl 
Here  they  run  sometimes  with  rapidity,  in  a  gri 
body,  at  the  bottom  of  deep  and  narrow  vaileyi 
They  seem  incased  in  canals,  hewn  as  it  were  oi 
of  perj)cndicular  masonry.  The  first  idea  tliat  occt 
to  every  person  who  sees  these  facts  for  the  first  tinw 
and  who  has  reflected  little  upon  them,  is  that 
Btreams  have  scooped  out  these  profound  channel%] 
and  if  the  hardness  of  the  rocks,  and  the  height 
the  escarpments  and  mountains  which  flank  then 
appear  too  considerable  and  immense  in  rcfereni 
to  the  small  water  courses  which  wind  at  their  b^ 
time  by  its  continual  operation  is  supposed  to  con 
pensate  for  want  offeree. 

Without  stopping  to  examine  what  a  long  seri< 
of  ages  it  would  require  for  such  rivers  as  we  bai 
described,  or  for  the  streams  incased  in  the  profound 
valleys  of  the  Alps,  the  Pyrenees,  and  the  Jura, 
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to  be  able  to  excavate  these  valleys,  upon  which 

their  real  action  is  so  slow  that  nobody  has  liitherto 

been  able  to  aj)j)reciate  it  j  without  inquiring  at 

iresent  whether  this  long  series  of  ages  will  accord 

j;with  other  natural  phenomena  whicli  do  not  permit 

ts  to  suppose  the  existing  state  of  the  terrestrial 

mrfacc  to  possess  so  remote  an  antiquity,  it  will  be 

jufficient  to  relate  here  four  sets  of  observations  to 

jbe  satisfied  that  the  actual  runs  of  water,  even  with 

\fL  ten  times  greater  volume  than  they  have,  could 

lot  possibly  have  excavated  the  profound  channels 

►n  whose  bottoms  they  flow. 

1.  We  must  first  of  all  transport  our  imagination  to  the  epoch 
rhen  the  ttvo  inouuuin  ridges  which  now  t\anU.  the  actnal  valley 
either  side,  wore  not  i/et  scoojjed  out  bt/  the  sfreamj  but  were 
lited,  leaving  between  ihem  no  hollow,  or  at  moat,  a  slight  primi- 
rve  depresaion.  The  bottom  of  the  valley  being  thus  filled  up 
rom  the  origin  of  the  stream,  (for  we  must  start  from  this  point,) 
along  to  the  complete  depression  of  the  lateral  bills  into  the 
!vel  of  the  plain,  the  water  would  be  much  less  rapid.  Sup[»uMing, 
le  same  body  of  water,  it  must  have  flowed  therefore  with  less 
relocity,  and  consequently  with  much  leso  force.  But,  on  tlie 
ter  hand,  it  mu^t  have  hud  an  immense  forc«  to  be  able  to  carry 
a  portion  of  ground  which  may  he  nearly  represented  by  a 
kgular  prixm  laid  in  the  direction  of  its  nxia,  liavinp;^  in  many 
more  than  500  yards  in  widtb,  and  a  vertical  ibicktiess, 
imetime)s  equal  to  that,  and  often  much  greater.  If  to  escape 
»m  thiv  dilemma,  a  volume  of  water  be  supposed  incomparably 
lore  considerable  than  what  actually  runs,  to  whicli  Huch  great 
effects  arc  ascribed,  much  loftier  and  more  extensive  roountain** 
tiLst  ulso  be  suppuHed  in  onh*r  to  give  origin  to  hucIi  au  increased 
low  of  water. 

Were  that  liypothesis  tlie  only  stumbling-block,  and  were  then?  no 
^direct  observations  besides  to  forbid  the  admission  of  that  disgregat- 
ing  force,  and  its  effect,  we  might  pass  onwards,  but  two  other 
obHervalions  render  the  old  water-wearing  hypotheais  inadmissible. 
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alloiv  tbem  lo  get  covered  with  a  rich  vegetation  of 
ferne,  &c.  a  vegetation  which  could   not  subsist,  uor  even 
mence,  if  the  least  filo)  of  the  surface  of  these  rocks,  were 
Btantly,  or  even  frequently,  worn  away. 

A  raudi  moui  striking  fact  is  presented  by  some  of  tlie  gVUt] 
rivers,  as  the  Nile  and  Oronoro,  &c  which  6ow  in  the  eqi 
^^egiona.  Thes<*  powerful  streams,  on  their  arrival  in  pontiow] 
which  confine,  and,  as  it  were,  incase  them  between  two  walla  m 
rock,  form  there  impetuous  cataract*,  llieir  waters,  endowed  bf !j 
tlie  velocity  of  descent,  with  the  p*eatest  erosive,  or  disintefmUflU 
force  that  can  be  ascribed  to  dm  liquid,  ought  to  wear  away,  or  ii^| 
least  to  smooth  and  polish  the  rocks  wliicb  they  have  thua 
tinned  to  strike  since  the  creation  of  our  existing  continents;  biAj 
10  far  are  they  from  renewing  their  surface,  thai  they  cover  tlii'i 
vrith  a  brown-coloured  varnish  of  a  peculiar  nature. — Si 
JSau.  DkHotmaire  des  Sciettcts  Nalur^es. 

It  appears  then  perfectly  ascertained  that  wati 
alone    cannot    hollow    out    rocks    whose    aggre*| 
gation    is    entire,    anil  that   it  can  wear   them 
no  degree,  whatever  be  the  velocity  of  its  movi 
ment 

We  say  water  alone,  and  we  must  insist  on 
distinction,  to  make  the  preceding  facts  accord  wii 
other  facts  which  would  otherwise  appear  coni 
dictory. 

We  frequently  observe  furrows  scooped  in  tlia^ 
solid  walls,  in  which  the  streams  under  discussi* 
are  incased ;  we  obsene  also  rocks  rounded,  am 
entirely  free  from  moss.  But  on  examining  the  fa 
with  attention,  we  shall  remark  that  this  erosi< 
always  occurs  in  the  parts  of  the  stream,  \vh( 
from  the  nature  of  the  surrounding  soil,  the  toj 
rents  carry  along  witli  tliem  in  their  floods,  frag-* 
meats  of  stones  separated  from  the  banks.     Not 
it  is  by  the  action  of  these  stones  that  the  rocks  in 
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tlie  bed  of  the  river  are  worn.  It  is  easy  to  appre- 
ciate these  circumstances.  We  shall  perceive  that 
this  erosion  never  takes  place  at  the  mouths  of  the 
most  copious  springs,  such  are  those  of  the  Orbe,  of 
the  Sorgue  at  Vaucluse,  &c.  All  the  pebbles  which 
could  be  carried  off,  have  been  removed  long  ago, 
and  the  mosses  which  grow  abundantly  on  the  rocks 
at  the  water  level,  as  well  as  in  the  very  bed  of  these 
torrents,  are  in  no  further  dangerof  being  destroy- 
ed by  rolling  stones.  The  same  thing  is  observed 
in  the  succeeding  portions  of  tlie  stream,  wherever 
a  lake  or  excavation  occurs  capable  of  stopping  all 
tlie  hard  bodies  dragged  forwards  by  the  waters. 
Here,  also  the  mosses  grow  luxuriantly,  because 

l^they  experience  no  other  action  than  that  of  the 

^'water. 

The  actual  streams,  therefore,  which  bear  the 
name  of  brooks  and  rivers,  do  not,  when  acting 
alone,  appear  to  have  any  erosive  power  on  uni- 
formly aggregated  rocks ;  luiless  some  Ibreign  cause 

'such  as  ice  or  decomposition  sliotild  break  tiie  rock 

^into  fragments.     The  absence  of  these  extraneous 
circumstances  is  proved  by  tlie  vegetation,   or  the 

^varnish,  which  there  covers  the  rocks  exposed  to  the 
action  of  running  waters. 

As  these  streams  recede  from  the  grounds  adjom- 
ng  the  high  mountains  where  tliey  took  their  rise, 

ithey  gain  often  in  volume  what  they  lose  in  impetu- 
osity ;  but  this  increase  rarely  compensates  for  their 
loss  of  speed  ;  and  altliongh  these  great  currents 
still  retain  a  pretty  considerable  power  of  trans- 
mission in  pushing  onwards  the  new  obstacles  which 
oppose  their  progress,  they  are  far  from  presenting 
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such  striking  results  as  torrents  do.     They  stir  up 
in  their  floods  or  changes  of  place,  tlie  loose  earth  i 
and  sands  at  their  bottom,  especially  towards  theirj 
banks,  and  transport  them  to  some  distance  ;  but 
hardly  can  they  move  pebbles  of  the  size  even  of  an 
egg,  lying  in  their  channel  and  brought  thither  ati 
other   times  and  in    other   circumsUmces.     After 
transporting  tlie  fine  and  loose  mineral  matters,  tliey 
deposit  them  in  places  where  their  course  is  slack- 
ened by  any  cause,  and  thus  raise  up  tlie  bottooii 
of  tlie  bed  in  these  places  ;  and  they  seek  for  a  newi 
passage  in  the  middle  of  the  dikes,  which  they  havei 
constructed  themselves.     The  principal  current  i*^ 
then  directed  sometimes  to  the  one  bank,  sometimes^ 
to  tlie  other,  and  should  it  beat  against  the  foot  of 
precipitous  hill,  composed  of  loose  soil,  it  really 
wears  it  down,  and  makes  it  fall  into  the  riven: 
This  now  forced  to  abandon  in  whole  or  in  part  i1 
former  channel,  transports  into  anotlier  part  of  its^ 
course,  the  earth  resulting  from  the  destruction  ol 
the  hill,  and  thus  creates  new  obstacles.     Hence 
proceed  the  recent  alluvial  deposits  which  flank  th^\ 
streams  wherever  their  course  is  slackened,  an( 
chiefly  towards  their  embouchures. 

We  see,  therefore,  that  even  though  the  lands 
adjoining  the  valleys  or  gorges,  were  composed  of  i 
loose  matters,  the  waters  now  running  along 
bottom,  could  not  have  scooped  out  the  valley,  sup- 
posing them  to  have  a  twofold  or  even  a  tenfold- 
Ibrce,  above  what  they  actually  ])osses8  ;  the  slope, 
of  the  existing  surface  not  being  sufficiently  great 
to  give  tliese  masses  of  water  the  rapidity  requisite 
to  produce  that  effect,  and  to  carry  off  the  loose  soil 
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which  filled  either  the  valley  or  the  gorge.  Finally 
the  actual  waters,  so  lar  Irom  having  contributed 
to  form  the  long  and  numerous  depressions  wliicli 
furrow  the  surface  of  the  eartli,  under  the  names 
of  valleys,  vales,  gorges,  or  clefts,  continually  tend 
to  fill  up  these  lioUows,  and  ratlier  to  level  the  sur- 
face of  the  globe,  than  to  plough  it  more  pro- 
foundly. 

Knowing  the  limited  range  of  alluvial  pheno- 
mena, we  are  now  prepared  to  appreciate  the  nature 
and  extent  of  the  diluvial.  We  have,  in  our  second 
part,  considered  the  rocks  replete  with  marine 
remains.  These  are  spread  over  two-thirds  of  the 
[surface  of  every  part  of  our  continents  which  have 
»een  explored.  They  abound  at  great  elevations, 
rising  to  the  loftiest  summits  of  the  Pyrenees, 
nearly  11,000  i'eet  above  the  level  of  our  present 
ocean,  and  to  still  loftier  points  in  the  Andes.  It 
[is  remarkable  that  the  true  geographical  summits 
of  the  Pyrenee  ridge  are  composed  of  secondary 
Lghcll-limestones,  which  surpass  the  granite,  gneiss, 
land  mica-slates,  in  elevation,  and  may  have  been 
ideposited  over  the  primitive  rocks  wliilc  they  stood 
•under  the  primeval  ocean.  In  fact,  the  secondary 
irocks,  red  sandstone,  alpine  limestone,  limestone  of 
■the  Jura  order,  and  trap,  cover  the  primitive  and 
;transition  rocks  of  the  Pyrenees. 

The  great  boulder  stones  fall  under  diluvial 
'debns.  On  the  secondary  mountains  of  the  Jura, 
particularly  the  slopes  facing  the  Alps,  a  great 
many  loose  fragments  of  primitive  rocks,  some  con- 
taining a  thousand  cubic  yards,  occur,  strewed  over 
the  surface,  at  heights  of  *2,500  feet  above  tlie  lake 
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of  Geneva.     They  nowhere  stand  higher,  or  are 
more  numerous  than  oj>posite  to  the  largest  and 
deepest  valleys  of  the  Alps.     They  have  undoubt- 
edly travelled  across  the  line  of  tliesc  valleys,  tlieir 
composition  proving  clearly  tlie  mountain  ridges- 
from  which  they  came.     We  may  hence  infer,  tliat 
at  the  period  of  their  transfer  from  tlie  Savoy  Alps, 
the  lake  of  Geneva  ilid  not  exist,  otherwise  they, 
must  have  remained  at  its  bottom,  instead  of  bemg 
found  on   its  opposite  bounding  mountain  at 
great  elevation.     The  slope  from  the  Mont  Blanc 
ridge,  was  then  a  continuous  plane  to  the  Jura. 
This,  and  simihu*  facts,  indicate  tlie  scooping  out 
valleys  between  the  mountains,  by  the  pressure  a 
the  diluvial  deflux.     All  the  plains  in  the  north  a 
Europe  exhibit  on  their  surface,  similar-rolled  boul- 
der  stones,  fragments  of  primitive  rocks,  strewed 
over  the    tertiary   strata.     MM,  Von    Buch   and 
Haussman  have  pro\'ed  that  these  scattered  block* 
on  the  soil  of  Lower  Germany,  are  identical  in  com- 
posftion  and  nature  with  the  mountain  structure  of 
Scandina\ia,  on    the  northern   side  of  the   Baltic 
sea.     This  ocean  channel  has  also  been  hollowed 
out  by  tlie  same  deflux,  carrying  away  the  sloping 
plain  which  joined  the  two  countries. 

Analogous  phenomena  abound  in  England-  The 
downs  surrounding  Batli  are  abruptly  scaq>ed,  and 
are  surrounded  by  valleys  more  than  600  feet  deep. 
Yet  on  their  very  summits  flints  are  found  which 
must  have  been  transported  thither  from  tlie  distant 
chalk  hills.  These  fragments  must,  like  tlie  above 
boulders,  have  been  carried  along  by  the  first 
action  of  the  currents,  before  the  fury  of  the  deflux 
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had  excavated  tlie  valleys,  and  thereby  intercepted 
all  further  communication  with  the  locality  of  the 
flini8. 

Along  the  plains,  at  the  foot  of  the  extensive 
clifls  of  the  inferior  oolite  formation,  on  the  borders 
of  Gloucestershire,  Northamptonshire,  and  War- 
wickshire, the  accumulations  of  the  diluvial  gravel 
are  of  surprising  magnitude.  The  materials  thus 
assembled  come  from  so  many  quarters,  that  it 
would  not  be  difficult  to  form  a  nearly  complete 
series  of  the  geological  formations  of  England,  from 
the  fragments  found  in  these  plains.  Their  distribu- 
tion may  serve  in  many  cases  to  indicate  the  direc- 
tion of  the  diluvial  torrents.  When  rounded  pebbles, 
niineralogically  the  same  with  rocks  existing  in 
siiUy  only  in  mountains  to  the  north-west,  are  found 
scattered  over  the  plains  of  the  midlaiid  counties 
tf  England,  it  is  obvious  that  they  must  ha^  e  been 
[drifted  south-east  by  the  waters.  To  trace  these 
travelled  fragments,  to  their  native  beds,  ollen  many 
himdred  miles  distant,  affords  an  interesting  search 
to  the  geologist ;  whicli  mineralogical  description 
fcan  nowrender  successful.  It  seems  tobe  established 
that  tlie  deflux  of  the  subsiding  waters  of  the 
deluge,  was  in  general  detenninedyj'ow  the  moun- 
tain ridges  down  towards  the  plains.  In  Great 
Britain  this  would  occasion  a  motion  from  the 
north-west  towards  the  south-east,  a  direction 
proved  by  innumerable  vestiges.  The  same  forces 
that  afterwards  hollowed  out  the  valleys,  heaved  up 
the  diluvial  gravel  into  hills  of  various  size. 

Besides  the  detritus  of  British  rocks,  there  are 
found  among  the  diluvial  strata  of  England  large 
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blocks  and  pebbles,  the  fragments  of  various  primi- 
tive and  transition  rocks,  which  Doctor  Buckland 
supposes   to   have   been    drifted  from  the  nearest 
continental  strata  of  Norway. 

It  is  only  to  aach  a  native  sonrc4?,  that  the  pebbles  of  irid 
felftpar,  resembling  I^bradorc  wliirh  are   found  on  the  coact 
BiuUin^toi),  can  l>€   referred.      Many  of  ilie  otber  pebbles  of  thfr 
Ett^Udh  HJiorefl,  may  be  identiBed  with  wcU-knon'n  mountain 
in  Nurway,  and  niUKt  have  been   drifteil   hitluT  along  with  thtf 
diluvial  detrilus  of  clay  and  gravel  through  which  they  are  iHsse* 
minatcd.     In  the  county  of  Durham,  Doctor  Buckland  collcrtMl 
within  a  few  miles'  space  on  the  north  of  Darlington,  pebble*  of 
more  than  20  varieties  of  slate  and  greenstone   rocks,  UuU  occar 
nowhere  nearer  than  the  lake  district  of  Cumberland.     In  the  street 
ut  Darlinjrton,  at  the  north  end  of  t!ie  town,  is  a  large  block  of 
granite,  of  the  same  %'ariety  with  those  at  Shap.  near  Penrit}i.     Si- 
milar blocks  are  found  on  the  elevated  plain  of  Sedgefield,  od  thft 
south-east  of  Durham. 

To  these  diluvial  evidences.  Sir  James  Hall  has 
made  some  important  additions,  by  the  discovery  of 
traces  of  tlic  action  of  a  mighty  current  on  the  sur- 
face of  the  hills  and  valleys  near  the  city  of  Edin- 
burgh.    These  districts  are  not  only  strewed  over 
with    die    gravelly    wreck    of   rocks    that    have 
been  drifted  to  a  great  distance  from  tlieir  native 
bed  by  the  force  of  violent  waters ;  but  channels 
and  fuiTOws  may  be  observed  on  the  surfaces  of  the 
hard  rocks  over  which  these  waters  not  only  drove 
the  blocks  and  fragments  of  every  substance  that 
lay  in  the  line  of  their  course,  but  excavated  de^ 
valleys.     When  the  covering  of  clay,  protecting  a 
mass  of  rock,  is  removed,  its  siu-face  is  found  to  re- 
semble a  wet  road  along  which  a  number  of  heavy 
and  irregular  bodies  have  been  recently  draggeil ; 
*is  if  every  fragment  had  made  a  scratch  as  it  paiscJ. 
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The  scratches  are  generally  parallel  to  the  general 
^direction  in  which  the  diluvium  has  moved. 

Similar  appearances  have  been  lately  described 
ly  Mr.  Miirchison,  Sec,  Geo!.  Society,  as  occurring 
\on  the  Braarabury  and  Hare  hills,  the  highest  in 
fgeological  position  of  the  interesting  Brora  district 
lin  Sutherlandshire.     These  are  celebrated  for  their 
iquarries  of  siliceous  white  sandstone,  abounding  in 
fossils,  and  exhibit  lipon  their  sides  and  summits, 
(distinct  traces  of  a  strong  diUuaal  current,  which 
las  swept  away  their  covering  matter,  and  deposited 
in  the  plain  of  Clyne  Milltown,  a  mass  composed  of 
jthe  debris  of  the  denuded  hills,  mixed  with  boulders 
►f  the.  coarse  red  conglomerate.     A  large  portion 
of  the  turf  having  been  recently  removed,  the  sur- 
face of  the  rock  is  now  seen  to  be  scored  with  pa- 
illel  lines,  precisely  similar  to  those  observed  in 
leather  places.     And  in  this  case,  although  the  sur- 
Face  of  the  ground  is  very  unequal,  and  the  dip  and 
bearings  of  the  denuded  strata  vary  considerably, 
the   direction  of  the  markings  is  uniformly  from 
IJ.N.W.  to  E.S.E. 

That  these  diluvial  actions  reached  the  summits 
of  the  lofty  mountains,  is  evident  from  the  boulder 
blocks  of  Mont  Blanc  thrown  over  on  the  high 
acclivities  of  the  Jura  chain.  "  The  Alps  and 
Carpathians,  and  all  the  other  mountain  regions  I 
ever  visited  in  Europe,"  says  professor  Buckland, 
"  bear  in  the  form  of  their  component  hills  the 
same  evidence  of  having  been  modified  by  the  force 
of  water,  as  do  the  hills  of  the  lower  regions  of  the 
earth  ;  and  in  their  valleys  also  where  there  was 
space  to  afford  it  a  lodgment,  I  have  always  found 
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diluvial  gravel  of  the  same  nature  and  origin  witS^ 
that  of  the  plains  below,  and  which  can  be  cicnri] 
distinguished    from    the    postdiluvian    detritus 
mountain  torrents   or  rivers.      The  bones  of  tl 
[mastodon  are  found  in  diluvial  gravel,  in  the  Cam] 
de  Gcans,  near  Santa  Fe  dc  Bagota  in  South  Amcrii 
78UO  feet  above  the  level  of  the  sea ;  and  in  tl 
Cordilleras  at  an  elevation  of  7i^00  feet,  near  tl 
[volcano  of  Imbaburra,  in  the  kingdom  of  Quil 
Humboldt  found  a  tooth  of  an  extinct  s])eci< 
of  fossil  elephant  at  Hue-huetoca  on  the  plain 
Mexico,     Our  high  mountains  in   Europe  are 
peaked  that  animal  remains  though  drifted  round 
their  summits,  could  hardly  be  expected  to  lie  upoi 
them,  but  would  be  washed  down  their  steep  slopes 

In  central  Asia,  bones  of  horses  and  deer  whici 
were  found  at  a  height  of  1 6,000  feet  above  tJiej 
sea,  in  the  Himmala  mountains,  are  now  deposited^ 
at  the  Royal  College  of  Surgeons  in  London.    Tfaey 
were  got  by  the  Chinese  Tartars  of  Duba,  in  the 
north  face  of  the  snowy  ridge  of  Kylas  in  lat,  3^ 
N.,  out  of  the  masses  of  ice  that  fall  with  the  ava* 
lanches,  from  the  regions  of  perpetual  snow.     The 
preceding  facts  attest,  that  **  all  the  high  hills  ttut 
were    under    the    whole    heavens  were  coverctl," 
by  the  waters  of  the  deluge. 

There  is  a  class  of  phenomena,  clcaily  indicative 
of  diluvial  action,  usually  called  valleys  of  denu- 
dation, to  which  we  have  already  briefly  adveited. 
Two  excellent  memoirs  have  been  written  upon 
them  by  Professor  Buckland,  in  the  Geological 
Transactions,  vol.  V.  and  Second  Series,  vol.  I. 
Hutchinson  and  Catcott  showed  long  ago,  that 
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the  surface  of  the  earth  in  many  places,  where  it  is 
at  present  furrowed  by  Vidleys,  must  liave  been 
formerly  continuous:  and  this  in  innumerable 
instances  xvherc  streams  do  not  €a:ist  at  all;  in  many 
chalk  downs  for  example,  or  where  the  existing 
streams,  as  has  been  demonstrated  already,  aic 
quite  inadequate  to  the  eftect.  Thus  in  a  system 
of  superposition  such  as  is  here  re])resented,  the 


portions  of  the  beA<i,  a,  J,  and  c,  at  present  detached 
from  each  other,  must  once  have  been  continuous : 
d  has  also  been  partially  cut  throu^jh,  and  e  has 
been  left  untouched,  merely  because  the  excava- 
tion did  not  cut  deep  enouij;li.  The  coasts  of 
Dorset  and  Devon  exliibit  beautifid  illustrations  of 
•this  kind ;  the  beds  which  are  there  intersected  by 
^Talleys,  nearly  at  right  angles  to  the  coast,  being 
so  different  from  each  other,  and  so  unlike  in  ex- 
ternal aspect  (chalk,  green  sand^  oolite,  liavS,  and 
fred  marl,)  that  there  is  no  difficuhy  in  tracing  the 
continuation  of  the  series  on  the  opposite  sides  of 
tlie  valleys,  and  no  doubt  of  their  former  connex- 
ion- On  passing  along  the  coast  to  the  east  of 
Lyme  and  Sidmoutli  we  cross  nearly  at  rigiit  angles 
a  continual  succession  of  hills  and  valleys,  the 
southeni  extremities  of  which  are  abruptly  termi- 
nated by  the  sea:  the  valleys  gradually  sloping 
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into  it,  and  the  hills  being  abruptly  truncated,  ani 
often  overhangin*^  the  beach  or  under  cliff,  with 
perpentlicular  precipice.     The  streams  and  rivei 
that  run  througli  them  arc  short  and  inconsiderabli 
,and  incompetent  even  when  flooded  to  move  an] 
tiling  more  weighty  than  mud  and  sand*     There 
usually  an  exact  correspondence  in  the  structure 
the  hills  which  enclose  each  valley ;  so  that  whi 
sver  stratum  is  found  on  one  side,  recurs  on  tJie 
[otlier  side  in  the  prolongation  of  its  plane.     AV'hei 
;ver  there  is  a  want  of  correspondence  in  tJie  stral 
in  the  opposite  sides  of  a  valley,  it  may  be  referrt 
a  change  in  the  substrata  upon  which  the  ex< 
Aating  dehige  had  to  exert  its  force. 

If  we  examine  the  valleys  that  fall  into  the  ba] 
of  Channouth,  from  Burton  on  the  east  to  Exmoui 
in  the  west,  viz.  that  of  the  Bredy,  the  Brit, 
!har,  tlie  Axe,  the  Sid,  and  the  Otter,  we 
ind  them  all  to  be  valleys  of  diluvian  excavation 
itlieir  flanks  being  similarly  constnicted  of  parall< 
jand   respectively   identical   beds;    and    the    coiiwi 
icncement  of  them  all  originating  within  the  area, 
ind  on  the  south  side  of  the  escarpment  of  the] 
•een  sand.     The   fact  of  excavation   is  endentl 
'om  simple  inspection  of  the  manner  in  which 
'the  valleys  intersect  the  coast,  on  the  east  of  Sid* 
mouth  and  the  east  of  Lyme ;  and  it  requires  bwt. 
little  effort,  either  of  the  eye  or  the  imagination,] 
tto  restore  and  fill  tip  the  lost  portions  of  the  strati 
lat  form    tlic  flanks  of  tlie  valleys  of  Salcorab» 
►unscomb,  and    Branscomb ;    or  of  Channoulh. 
satoun,  and  Bridport.  M 

From   the  correspondence  pointed  out  by  Mr. 
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■William  Phillij)s,  between  the  strata  of  Dover  and 
■the  hills  west  of  Calais ;  and  by  Mr.  de  la  Beche, 
■between  the  strata  of  the  coast  ot'Dorset  and  Devon, 
■and  those  of  Normandy,  it  may  be  inferred  that  the 
■EngUsh  Channel  is  a  submarine  valley,  which  owes 
■it^  origin  in  a  great  measure  to  diluvial  excavation, 
Hthc  opposite  sides  having  as  much  correspondence  as 
Kthose  of  ordinary  valleys  on  the  land.  Its  depth  is 
^Bess,  indeed,  than  that  of  tlie  majority  of  the  inland 
Hvalleys  which  terminate  in  the  bay  of  Charmouth. 
■.  In  conclusion,  Professor  Buckland  justly  observes, 
"tliat  "  though  traces  of  diluvian  action  arc  most 
unequivocally  visible  over  the  surface  of  the  whole 

Ifearth,  we  must  not  attribute  the  origin  of  all  valleys 
exclusively  to  that  action.  In  such  cases  as  we  have- 
been  describing,  the  simple  force  of  water,  acting  in 
mass  on  the  surface  of  gently  incJined  and  regular 
ttrata  of  chalk  and  oolite,  is  sufficient  for  the  eflects 
produced ;  but  m  other  cases,  more  especially  in 
mountain  districts  (where  the  greatest  disturbances 
appear  generally  to  have  taken  place),  the  original 
irm  in  which  the  strata  were  deposited,  the  subse- 
uent  convulsions  to  which  they  have  been  exposetl, 
md  the  fractures,  elevations,  and  subsidences  which 
lave  affected  them,  have  contributed  to  produce 
'valleys  of  various  kinds  on  the  surface  of  die  earth, 
before  it  was  submitted  to  that  last  catastrophe  of 
ail  universal  deluge  which  h;is  finally  modified  them 
See  Valleys  ofElctatiun,  p,  3I-.S, 
To  the  preceding  geological  proofs  of  the  uni- 
versal deluge,  we  must  add  our  zoological  witnesses, 

•  Rcliquiif  Diluvionae,  2d  Edition,  p.  258. 
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—the  numerous  remains  of  extinct  species  of  land 
animals,  dispersed  through  the  supei-ficial  gravel  all 
over  the  earth ;  phenomena  to  be  examined  in  a 
subsequent  chapter. 

Otlier  appearances  in  the  strata  have  been  re. 
ferred  to  the  denudating  force  of  a  mighty  deluge. 
In  the  granites  of  the  upper  Vivarais  we  behold 
mountains  seemingly  torn  asunder,  immense  mural 
precipices,  terminated  by  acute  angles,  and  enclosing 
between  them  the  mostfrightful  chasms.  MountCer* 
vin  an  insulated  pyramid  more  tlian  3000  feet  high^ 
placed  on  the  loftiest  ridge  of  the  Alpine  chain,  \$ 
an  eloquent  witness  of  the  greataqueous  catastrophe.' 
"  However  keen  a  partisan  I  am  of  crystallization,' 
says  Saussure,  "  it  is  impossible  for  roe  to  believe ' 
that  such  an  obelisk,  issued  directly  from  the  hands 
of  nature,  in  tliis  form.     The  surrounding  mattcf 
has  been  broken  off  and  swept  away ;  for  notlungi 
is  to  be  seen  around  it,  but  other  summits,  springing! 
like  it,  abiiiptly  out  of  the  ground,  with  their  fianksi 
iji  hke  manner,  abraded  by  violence.** 

At  Greiflenstein  in  Saxony  in  a  gneiss  district 
separate  colunuis,  or  rather  thiu  granitic  priama 
seen  rising  from  the  plain,  more  than  a  hundred  fe 
high.     These  are  divided  by  horizontal  tissurea 
joints  into  successive  courses,  or  we  might  say  tablc$4 
so  that  each  column  seems  built  of  great  slabs 
granite  regularly  piled  over  each  otlier.     Certainijrj 
no  person,  on  viewing  these  pillars  and  the  subjacent 
level  ground,  will  believe  that  they  were  Ibrmed  as 
they  stand,  either  by  crystallization  in  a  menstruum, 
or  shot  up  by  igneous  eruption,  or  left  alone  aftera 
subsidence  of  die  plain.     They  are  manifestly  tlic™ 
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remains  of  a  great  field  of  granite  which  once 
covered  the  whole  space,  like  many  other  districts 
in  the  neighbourhoofl,  but  which  was  dislocated, 
ploughed  up,  and  excavated  at  the  universal  deluge. 

The  mountains  called  moles,  which  rise  insulated 
from  the  centre  of  extensive  plains,  seem  also  to  be 
the  diluvial  debris  of  some  great  mineral  districts  of 
which  they  formed  portions.  The  Landscrone  may 
be  adduced  as  a  good  example.  It  is  a  mountain 
placed  in  the  middle  of  the  plains  of  Lusace,  about 
U  leagues  from  tlie  foot  of  the  chain  which  bounds 
this  country  to  the  south,  and  presents  the  figure 
of  a  sugar  loafi  nearly  a  thousand  feet  high,  with 
the  summit  cut  ofil  Like  the  territory,  and  the 
mountain  chain  in  the  neighbourhood,  it  consists  of 
granite,  capped  over  its  whole  top,  with  a  platfbnn 
of  basalt,  from  220  to  250  feet  thick.  This  basalt 
is  merely  an  insulated  portion  of  the  general  coulee, 
tliat  covers  the  granite  district,  about  2  leagues 
from  it.  It  is  hence  obvious  that  the  intermediate 
table  land  must  Ijave  been  swept  away  j  for  no  one 
can  possibly  conceive  of  a  basaltic  lava  effused  oji 
the  top  of  an  insulated  cone  of  such  elevation. 

Mount  Meissner  in  Hesse,  six  leagues  south-cast 
of  Cassel,  also  deserves  to  be  noticed  here.  It 
rfises,  colossus-like  above  the  surrounding  moun- 
tains, from  which,  however,  it  is  completely  insu- 
lated. Its  summit  forms  a  plain,  ^  leagues  long, 
and  1  league  broad,  at  a  height  of  more  than  lyOO 
feet  above  the  river  which  flows  at  its  base,  and 
about  S2U0  feet  above  the  level  of  the  sea.  The 
body  of  the  mountain,  in  common  with  the  couutry 
all  around,  consists  of  slicll-limestone  and  sandstone- 
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Above  these,  on  a  stratum  of  sand,  a  bed  of  fossil 
wood  reposes,  one  hundred  feet  thick  in  several 
places.  This  wooden  Hoor  is  covered  by  a  vast 
pavement  or  coulee  of  basalt,  from  300  to  500  feet 
thick,  which  composes  the  upper  platform.  An 
observer  who  studies  the  composition  of  this  inter. 
esting  mountain  and  of  the  neighl)ouring  districts, 
cannot  help  concluding  that  the  enormous  pile  of 
wood,  imbedded  at  such  a  height  above  the  existing 
country,  must  have  been  drifted  thither  (for  such  a 
mass  of  trees  could  never  have  grown  in  one  placcX 
while  the  surface  was  yet  continuous  and  depressed. 
The  basalt  must  have  been  thereafter  effused  over 
them,  obviously  in  a  lava  state.  Tlie  explosive 
forces  under  the  ocean  bed  which  caused  the  deluge, 
first  upheaved  the  general  mountain  masses,  and 
the  retiring  deflux  excavated  the  strata  round  Mount 
Meissner,  leaving  it  an  insulated  mole,  towering 
boldly  above  all  the  country,  through  an  area  of 
nearly  40  miles. 

The  gcognostic  student  sees  in  the  organic 
remains  of  the  secondary  formations,  described  in 
Book  Second,  irresistible  proofs  that  many  strata 
of  our  present  dry  land,  were  deposited  under  the 
ocean.  I  conceive,  moreover,  that  good  evidence 
of  the  former  submarine  position  of  a  large  portion 
of  the  earth,  is  afforded  by  the  saline  impregnation 
of  many  of  its  extensi\e  ])lains.  Every  traveller 
through  the  deserts  of  Africa  ami  Arabia,  describes 
the  soil  to  be  salt,  and  the  water  to  be  brackish,  in 
almost  every  district.  Hie  subsoil  is  generallv 
clay,  which  prevents  the  saline  matter  from  being 
washed  deep  into  the  ground  by  the  tropical  rains. 
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In  the  sands  bordering  on  Egy])t,  the  salt  occurs 
often  in  balls  and  irrcgnlar  hinips ;  and  the  great 
desert  of  Barbary  is  in  some  places  covered  with  a 
saline  crust,  of*  such  whiteness  as  to  resemble  statu- 
ary marble,  and  of  such  thickness  as  to  be  quarried 
into  square   blocks,  for  building   houses.      It  is 
applied  to  tlie  same  purpose  at  Ormutz  in  Persia. 
Olivier  states  in  his  Persian  Travels,  that  the  great 
plains,  or  deserts  of  that  country  consist  of  an  argil- 
laceous soil   impregnated  with  salt,     "This  sub- 
stance," says  he,  "  is  so  abiuidant  in  that  coinitry, 
that  being  washed  down  by  the  rains,  saline  pools 
are  formed  in  winter  over  ihc  low  grounds,  almost 
every  lake  is  ntore  or  less  brackish."     The  great 
plains  or  steppes  of  Siberia  are  formed  of  clay,  and 
present    analogous   phenomena,  especially   north, 
"ward  of  the  Caspian  Sea,  where  a  multitude  of  lakes 
occur,  some  fresh,  others   rendered   saline  by  the 
[muriate  or  sulphate  of  soda.     The  lake  ol'  Indersk 
go  leagues  in  circumference,  has  its  bottom  covered 
"With  a  crust  of  salt,  like  a  cake  of  ice,  more  than  six 
inches  thick,  hard  as  stone,  and  perfectly  white. 
The  argillaceous  soil    of  the  great  table  land  oi 
Mexico  was  found  by  Humboldt  to  be  quite  impreg- 
^aated  with  salt.     The  lake  of  Penon  Blanco,  that 
dries  up  every  summer,  forms  the  great  mine  of  salt 
for  Mexico ;    from  which  more  than  15,000  tons 
•e  annually  carried  away. 

CHAP.  IL— CAUSES  OF  GEOLOGICAL  CATASTROPHE. 


[n  the  Newtonian  Philosophy,  no  other  causes  of 
latoral  events  can  be  admitted  than  wliat  are  known 
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to  be  really  operative,  and  adequate  to  account  for 
the  phenomena.     This  inductive  law  prohibits  tha^ 
employment  of  hypothetical  assum])tions,   whoso 
existence  we  cannot  prove,  such  as  the  attraction 
of  a  comet  in  deranging  the  axis  of  the  earth,  or 
deluging  it,  by  lifting  the  waters  from  their  oceaA] 
bed.     Nor  will  modem  discovery  suffer  the  theo*i 
rist  to  summon  from  the  bowels  of  the  earth  ad 
ideal  abyss  to  serve  his  purposes  ;  far  loss  allow  him 
to  get  rid  of  a  meteoric  deluge  imported  by  ail 
aqueous  coma  for  the  occasion.   Tlius  wisely  circuro* 
scribed,  but  by  no  means  fettered,  we  shall  have 
no  difliculty  in  finding  actual  and  potential  forces 
capable  of  explaining  the  principal  appearancec^ 
incident  to  the  great  diluvial  catastrophe,  and  it< 
precursor  inundations.    Eruptive  powers  similar  to 
those  which  raised  the  primordial  land,  acting  undetj 
the  bottom  of  the  primeval  ocean,  rolled  its  wateri' 
over  the  ancient  continents,  many  of  which  were 
broken  down  and  stmk  in  the  sea,  whilst  new  terri- 
tories  were  upheaved  and  laid   bare.     We  shall 
endeavour  to  establish  these  propositions   by  an 
extensive  induction  of  well  estiiblished  facta,  illuv 
trative  of  volcanic  agency,  and  basaltic  eruption. 


$  I.  VOLCANIC  ACTION. 

This  power,  though  sufficiently  terrific  in  manj 
of  its  recorded  forms,  has  now  a  very  limited  rw^^ 
in  comparison  with  its  ancient  extent,  even  in  post- 
diluvian periods.  Thus  the  extinct  volcanoes  oi  the 
Rhine,  Hungary,  Auvergne,  and  Italy,  indicate  a 
far  greater  magnitude  of  eruptive  fire,  than  auy 
described  in  history.     Those  which  arc  now  seen 
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issuing  from  conical  chimnies,  are  merely  the 
expiring  fumes  of  those  furnaces,  that  have  once 
desolated  whole  regions  of  the  earth.  Of  this  fact, 
we  have  convincing  evidence  in  France,  which  has 
never  been  visited  by  volcanic  fire,  within  the 
memory  of  man ;  yet  there  is  no  country  where 
volcanic  products  exist  in  greater  variety,  in  closer 
affinity  >vith  one  another,  or  in  more  interesting 
forms,  than  in  the  heart  of  that  kingdom-  Travel- 
ling in  that  territory  from  tlic  north,  the  first  Vol- 
canic lavas  occur  in  Auvergne,  to  tlie  west  of  Cler- 
mont, on  the  granite  table-land  bounded  by  the 
rivers  Allier  and  Sionle.  Extinct  volcanoes,  to 
the  number  of  100  appear  in  an  immense  range 
of  insulated  conical  hills  about  7OO  feet  in  height, 
formed  of  masses  of  solid  lava,  and  spongy  scoria?. 
Tlieir  tops  are  hollowed  out  in  the  crater  form, 
the  edges  of  the  cup  being  in  many  cases  entire 
and  well  defined.  The  streams  of  lava  are  bhstery 
on  the  surface,  and  brisding  with  scoriform  asperi- 
ties, which  rise  sometimes  three  feet  high.  The 
deeper  we  penetrate  into  the  mass,  it  becomes  less 
cellular  and  more  compact,  exactly  as  in  modern 
lava  streams ;  yet  the  basis  occasionally  differs  in  no 
respect  from  that  of  the  finer  basaltic  prisms,  includ- 
ing like  it,  grains  or  crystals  of  augite,  olivine,  and 
felspar.  The  lavas  have  sometimes  spread  widely 
over  the  plains,  and  at  others  flowed  into  narrow 
valleys,  foUowing  their  wintlings  through  a  distance 
of  9  or  10  miles.  In  their  progress,  they  have 
obviously  taken  the  lowest  track,  bending  over  of 
gliding  about,  the  rising  grounds  which  obstructed 
their  advance,  and  like  every  stream  oi  liquid  mat- 
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ter,  have  observed  strictly  the  laws  of  hydrostatic^! 
'he  natural  liistory  of  tliese  lavas  is  therefore  com«^ 
pletc,  and  needs  no  aid  of  fancy  to  identify  their  vol- 
canic source  ;  for  we  perceive  the  focus  that  poured: 
them  out,  the  path  they  percurred,  the  obstacles! 
they  shunned,  and  the  strata  which  they  over*' 
whelmed  and  still  cover. 

In   the  same  district,  there  also  occur  genuine] 
basalts,  or  submarine  lavas  of  more  ancient  date, 
being  anterior  to  the  excavation  of  the  valleys,  whilftj 
tlie   lava  streams   are   evidenUy  posterior  to   thii^ 
event.     The  basalts  appear  under  the  form  of  hori- 
zontal  coulees,  or  sheets,  covcringportions  of  elevated 
land  since  upheaved,  or  constituting  tlie  caps  of 
mountain  chains  and  insulated  peaks.     These  are 
shreds  of  antediluvian  and  diluvian  lavas. 

In  Velay  and  Vivarais  volcanic  lavu  forms  a  great 
portion  of  the  surface  of  the  ground,  exhibiting  in 
certain  spots,  interesting  phenomena.  Near  Mont- 
pesat,  Thueys,  and  Jaujac,  small  extinct  volcanic 
hills  are  still  to  be  observed  ;  and  a  stream  of  lava 
may  be  traced  from  the  foot  of  each,  running  down 
the  valleys.  The  shape  of  these  currents  is  perfectly 
defined.  Their  bottom  reposes  on  a  stratum  of  pebbly 
gravel,  and  is  altogether  scoriform  ;  while  higher 
up  the  lava  is  split  into  most  regular  prisms,  as 
sonorous  as  metallic  iron,  and  in  beautiful  colon- 
nades. The  basis  of  the  lava  is  black  coloured  and 
compact,  containing  grains  of  olivine  and  augite. 
It  has  flowed  evidently  after  the  excavation  of  the 
valleys.  Similar  appearances  pervade  the  south  of 
France  down  to  the  Mediterranean  shores.  Near 
Agde,    the  extinct   volcano  of  SU  Loup  occurs 
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composed   of   cellular    lavas ;    which   have  been 
tmployed  in  the  hydraulic  architecture  of  the  canal 
jof  Languedoc. 

The  volcanic  remains  of  central  France  have  been 
'ecendy  illusUated  by  two  ingenious  practical  geo- 
logists. Dr.  Daubeny  and  Mr,  Scrope  ;  from  the 
latter  of  whom  I  shall  select  a  few  facts,  as  they 
have  been  well  arrauged  in  the  Quarterly  Review 
for  October  1827,  The  associated  rocks  of  igneous 
origin  seem  scarcely  in  any  instance  to  have  been 
repeated  in  the  same  spot,  but  to  have  burst  forth 
singly  and  successively  on  different  though  neigh- 
bouring  points,  remarkable  lor  their  general  distri- 
bution in  a  line  from  North  to  South  ;  a  direction 
coincident  with  that  of  the  granitic  beds,  from  whose 
interior  they  have  apparently,  burst  forth.  To  the 
|west  of  the  valley  of  the  Limagnc,  immediately 
behind  Clermont,  rises  a  granitic  plateau,  about 
1()00  feet  above  the  valley,  and  3000  above  the  sea. 
On  this  rests  a  chain  of  volcanic  hills  about  70  in 
"number,  composed  of  steep  truncated  cones,  called 
the  Puys  of  tlie  Monts  Dome,  which  form  with 
the  ashes  and  scoriic  scattered  around,  an  irregu- 
lar ridge,  from  500  to  1000  feet  high,  and  about  18 
liles  in  length  by  '2  in  breadth.  They  consist  of 
loose  scoriae,  blocks  of  lava,  lapillo,  and  puzzolana, 
vith  fragments  of  trachyte,*    and  granite.      The 


•  Trai:hyte  is  a  volcanic  rock,  characterised  by  its  porphyritic  struc- 
ture ;  its  scorified  and  cellular  u&pect ;  its  harsh  feel  (whence  its  nauie 
rough-stone);  and  hy  the  imhcddctt  crystals  of  gla.^sy  fcUpar.  ThuAC 
mincrdls  nre  sometimes  impasted  in  a  fclspathic  ligiit  coloured  cement. 
,It  is  a  rock  entirely  absent  in  the  British  islojida ;  but  the  day  porphyry 
BBsociAted  with  red  sandstone  in  the  island  ol'  Arran,  aud  that  of  Sandy 
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lava-currents,  traceable  to  the  craters  of  these  con( 
present  tlie  image  of  a  black  and  stormy  sea  of  viscM 
matter,  suddenly  congealed  at  the  moment  of 
wildest  agitation. 

One  of  the  largest  volcanic  cones  of  the  distxici 
the  Petit  Puy  de  Dome,  has  a  very  regular  cral 
300  feet  in  width  and  depth,  elevated  more  thaaj 
four  thousand  feet  above  the  level  of  the  sea.     I|j 
consists   entirely   of  fragmentary   matter,   basalt 
scoria?,  sand  and  ashes.     The  Puy  de  Louchadie 
is   the  most  striking  of  the   chain.     Completely' 
insulated  from  the  others,  it  rises  at  an  angle  ofj 
35%  in  a  majestic  cone  to  the  height  of  more  tbaa[ 
1000  feet  from  the  western  plain,  forming  a 
elevation  of  3956  feet. 

Mont  Dor  is  a  mountainous  tract,  the  higher] 
portion  of  which  is  divided  into  seven  or  eight  rocky, 
summits,  grouped  together  within  a  circuit  of  about! 
a  mile  in  diameter,  tlie  highest  rising  to  &^17  feel 
above  the  level  of  the  sea.     The  whole  of  thia  m9S$\ 
consists  of  successive  beds  of  volcanic  origin,  and  of] 
immense  thickness,  which  almost  conceal  the  primi* 
tive  soil.     The  currents  of  basalt  have  flowed  on  all 
sides  to  the  distance  of  iifleen,  twenty,  and  in  some 
instances  twenty-five  or  thirty  miles  from  the  centnl 
heights.     The  plateaux  of  trachyte  on  the  contrar}\ 
rarely  extend  beyond  a  circle  of  ten  miles  ra<Uus; 
but  what  the  latter  ciirrents  waiH  In  length,  they 
possess  in  height  and  breadth. 

In  the  ancient  province  of  Velay,  Mr.  Scropej 

[3Brac  presents  numerous  analopes.  Some  modem  tavas  of  Vcsu«n4 
;pf>prouch  very  nearly  in  composition  and  appearance  to  tmch^te,  idJ 
the  oldest  volcanic  produces  on  ^^tim  and  TcncrifTc  are  composed  of  IL, 
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counted  more  than  a  hundred  and  fifty  cones,  so 

dckly  sown  along  the  axis  of  the  granitic  range, 

lat  separates  the  Loire  and  Allicr  from  Palhaguet 

Pradelie,  as  generally  to  touch  each  other  by 

leir  basesi  and  thus  to  form  an  almost  continuous 

;hain. 

Germany,  particularly  on  the  banks  of  the  Rhine, 

in  Hcssia,  Saxony  and   Bohemia,  presents  a  great 

many  remains  of  basaltic  lava-streams,  accompanied 

Jttften  with  cUnkstones,  in  mountain  groups.      In 

»me  localities,  volcanic  tufas,  with   cellular  and 

:oriform  lavas  occur. 

It  is  hardly  necessary  to  say  that  Sicily  and  Italy 

trticularly  in  the  Vicentin,  the  environs  of  Rome, 

[and  Nu])les,  include  extensive  volcanic  formations. 

\o  less  than  GO  ancient  craters  have  been  specified 

In  a  small  tract  of  Italy.     When  these  were  active, 

[^hat  a  frightful  region  must  it  have  been  ! 

There  are  at  present  205  burning  volcanoes  on 
the  globe.     107  of  these  occur  in  islands,  and  98 
UAr^n  continents,  but  ranged  mostly  along  their  shores, 
WThe  American   volcanoes   are  among  those  most 
IW  distant  from  the  sea.     In  Peru,  they  are  about  70 
miles  from  it.     Tlie  volcano  Popocatepec  is  14-0 
miles  inland,  but  it  merely  smokes. 
^      We  owe  to  missionary  zeal,  an  acquaintance  with 
Bthe  most  remarkable  volcano  ever  described,  in  the 
■  island  of  Owhyhce,  where  several  exist  in  an  active 
state.     Mouna  Roa,  a  mountain  of  trachytic  forma- 
tion estimated  to  rise  to  the  prodigious  height  of 
15000  feet,  contains  an  enormous  crater,  8  miles  in 
circumference,  and  includes  a  vast  lake  of  molten 
lava,  subject  to  horrific  explosions  and  undulations. 
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The  crater,  instead  of  being  the  truncated  top  of* 
mountain^  distinguishable  at  a  distance  in  evi 
direction,    is   an    immense    chasm    in    an    upl: 
country,  near  the  base  of  tlie  mountain,  and  is 
proached  not  by  ascending  a  cone,  but  by  descent 
ing  two  vast  terraces.     It  is  not  visible  from  ai 
point,  at  a  greater  distance  than  half  a  mile.     Tl 
whole  summit  of  its  ancient  cone  seems  to  havC* 
fallen  in,  and  formed  the  precipitous  ruins  whici 
encircle  the  crater  to  a  distance  of  from  15  to 
miles.     The  crater  is  6  or  7  leagues  from  the 
and  of  elliptic  form.  The  bottom  of  the  gulf  witliii 
has  a  circumference  of  5  or  G  miles;  and  a  depi 
of  1500  feet,  the  descent  being  in  general  practii 
Ifcle.     When  Mr.  Goodrich  visited  this  crater  fo 
tlie  first  time  in  1824,  he  remarked  in  the  cavit>^i 
12  distinct  places  covered  with  red  hot  lava,  and  i] 
or  4  from  which  it  spouted  to  tlie  height  of  ^  or] 
40  feet     At  10(X)  teet  above  the  bottom,  there  wai' 
observable  round  the  inner  surface  of  the  hollow 
cone,  a  black  border,  which  he  considered  to  be  thc^ 
trace  of  tlie  height  to  which  the  melted  lava  bad 
recently  risen  before  breaking  througli  an  opening 
ibr  itself  into  the  sea,  by  some  subterranean  channel. 
Sulphurous  exhalations  of  variable   colour  and 
density  escape  from  all  the  fissures  of  the  lava  crust, 
producing  here  and  there  a  blast  like  strong  vapour 
blowing  out  of  a  steam  boiler.     The  pumice  stones  f 
found  in  great  abundance  all  round  the  crater,  are 
so  light,  porous,  and  delicate  in  texture,  that  it  is 
difficult    to   preserve   specimens   of    them    entire. 
Fibrous  capillary  filaments,  similar  to  tliose  collccteti 
after  every  eruption  of  the  volcano  in  tlie  isle  o( 
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Bourbon,  cover  the  ground  about  tlie  crater  to  a 

thickness  of  2  or  3  inches.     The  wind  sometimes 

transports  these  filaments  to  a  distance  of  6  or  7 

leagues.     A   party  from  the  Blonde  frigate,  which 

j-tiot  long  since  visited  the  crater,  represent  the  first 

impression  of  the  Uirid  gulf  within,  when  viewed 

From  its  brink,  as  surpassing  all  powers  of  description. 

From  the  margin,  said  they,  we  looked  down  for  more 

han  1300  feet,  over  rocks  of  lava  and  cohimns  of 

idpluir,  between  whose  antique  fissures  a  few  green 

jslirubs  and  berry-bearing  plants,  clung  to  a  rugged 

jsoil,  where  many  a  cone,  raised  by  the  action  of  the 

ire  below,  was   throwing   up    columns   of  liquid 

lame,  with  whirls  of  smoke  and  vapour;   while 

loods  of  liquid  fire  were  slowly  rolling  among  scoria? 

Sand  ashes,  here  yellow  with  sulphur,  and  there 

[black,  gray,  or  red,  as  the  substance  varied  in  hue 

igainst  which   the  flames  played.      Not  less  than 

K)  cones,  of  various  heights  appeared  below  us, 

one  half  of  which  were  active  chimnies  of  volcanic 

fire*     The  older  cones  frequently  tall  in,  and  are 

^constantly  replaced  by  new  ones.     Some  of  them 

Pcject  fragments  of  rock,  others  only  ashes,  while 

lava  or  boiling  water  issues  from  their  sides.     Many 

^of  the  cones  emit  vapours  which  condense  into  sul- 

■  phur  beds  of  beautiful  forms.     The  roaring  of  the 

Bfilements  bursting  their  prison,  added  greatly  to  the 

Bliorror  of  the  scene. 

**  A  whole  lake  of  fire  "Was  seen  to  open  suddenly 

^up,  in  a  part  at  a  little  distance.     This  lake  cuuld 

~  Tiot  have  been  less  than  two  miles  in  circumference, 

and  its  action  was  more  horribly  sublime,  than  any 

thing  I  ever  imagined  to  exist,  even  in  ihc  idler 
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visions  of  unearthly  things.     Its  surface  had  all 
agitation  of  an  ocean.     Billow  atler  billow  U 
its  monstrous  bosom  into  the  air,  and  occosioDall] 
the  waves  from  opposite  directions  met  with  8U< 
violence,  as  to  dash  the  fiery  spray,  in  the  com 
sion,  forty  or  fifty  feet  high."* 

Two  immense  peaked  mountains  rise  out  of  tli 
■north-east,  and  soutli-west  extremities  of  tlie  a 
trai  table  land  of  Owhyheet  the  former  nani< 
Mouna  Kea,  or  the  Wliite  mountain,  supposed 
[ibe  18000,  and  tlie  latter  Mouna  Koa  15000  fc 
high.  The  steep  declivity  of  the  table  land,  whi< 
it  tUftercnt  distances  from  the  coast,  rises  into 
.continued  ridge,  from  3000  to  (iOOO  feet  in  lidglifl 
ifi  perforated  with  innumerable  craters,  wliose  floocbj 
of  melted  lava  have  from  time  to  time  encroach* 
considerably  on  tlie  sea.  About  2.5  years  ago, 
eruption  Irom  the  summit  of  Mouna  Huararai, 
part  of  the  ridge  on  the  western  side,  estimated 
8000  feet  in  height,  poured  Ibrtli  a  torrent  of  la>'^ 
which  overwhelmed  in  its  course  several  viUagcst 
destroyed  numerous  plantations  and  fish-ponds 
and  tilled  up  the  deep  bay  of  Kirauea,  to  the 
extent  of  20  miles  in  length,  forming  an  entirely 
new  line  of  coast.! 


*  Rev.  Chartes  8tewut»  August  S6, 1825 ;  letter  in  SUlimon'i 
f  IVIi,  probably  the  sui>erstltious  title  of  the  Kiruuea  fires,  bisltfdSf 
acquired  peculiar  interest^  as  the  scene  of  sublime  beruibin  in  a  fenftlc- 
'The  barbarous  natives  had  long  worshipped  the  mysterioos  power*  of 
Baturc  that  rage  in  this  place.  The^  mipposcd  the  gods  of  ibe  iatooii  M 
have  thtiir  aUodo  here,  requiring  to  be  projiitiaicU  by  perpetual  aU» 
tions,  and  punishing  every  violation  of  their  sanctuary  with  tntOnt 
destruction,  lliiit  worship  is  now  no  more;  it  hasi  l)et.'n  aboIi>be<f  ftjri 
ChristiuD  convert  of  hiijli  nude,  Kapiolaiii*   At  the  edge  of  the  6mprv> 
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Among  the  Friendly  islands,  lliree  volcanoes  are 

I  known  to  exist.  Tat  boa,  one  of  them,  contains  a 
volcano  which  the  natives  worship  as  the  abode  of 
a  divinity.  Eap,  to  the  eastward  of  the  Caroline 
islands,  is  volcanic,  and  is  subject  to  frequent  eartli- 
quakes. 
I  The  position  of  all  our  active  volcanoes  in  the 
neighbourhood  of  the  ocean,  is  a  very  striking  fact. 
It  becomes  much  more  so  when  we  observe  sub- 
marine volcanoes  burning  in  the  very  bosom  of  the 
sea.     The  little  islets,  and  other  phenomena,  which 

I  they  have  been  observed  to  produce  at  Santorini,  on 
tiiG  shores  of  Iceland,  near  the  Azores,  &c.,  leave  no 
lioubt  of  their  existence.  The  writers  of  antiquity 
Wpeak  frequently  of  islands  which  were  seen  to  rise 
but  of  the  Grecian  seas,  "  The  celebrated  islands 
of  Delos  and  Rhodes,*'  says  the  elder  Pliny,  "  ac- 
cording to  tradition,  are  sea-bom  ;  afterwards  lesser 
islands  were  observed  to  spring  up,  such  as  Anaphe 
beyond  Mclos  j  Nea,  between  Leranos  and  the 
Hellespont ;  Alojie,  between  Labedos  and  Tlieos ; 
Thera  and  Theresia  amid  the  Cyclades,  in  the  4th 
year  of  the  135th  Olympiad  ;  Hiera  situated 
between  the  two  preceding,  130  years  afterwards. 

^Hpicc  that  bounds  the  sunken  plain^  manj  of  her  friends  and  dependents 

^BBat    courage  and   turned   back.     At   the   second,   the   rest  eiirne»tly 

^Hfntreated  ber  to  desist  from  her  diingcrous  cnierprisc,  und  to  tempt  no 

^Blbrther  the  poweriul  goda  of  tl>«  fjre».     But  she  proceeded,  faying, "  I 

^  l»UI  descend  into  the  crater,   and  if  I  do  not  return  safe,  then  continue 

to  worship  Peli ;  but  if  I  come  back  unhurt,  you  must  Icam  to  iidore 

the  God  that  created  Peli."     With  unhesitating  step  she  rcnched  the 

gloocny  abyss,  stirred  the  fiery  lake,  and  completed  nn  achievement, 

seldom  e(|uaUcd  in  the  annala  of  magnanimity.     Wjicn  she  puslied  the 

stick  into  the  gIowin{;  lava,  tKe  idolalrotis  natives  hud  ex[>cctcd  to  see 

her  instantly  &U  a  sacrifice  tAtbeir  insulted  goddess. 

1^ 
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In  our  awn  time,  1 10  years  since  the  above  peril 
under  the  consulate  of  M.  Junius  Silanus  and 
Bulbus,  Thia  appeared."  Strabo  asserts  positiveli 
that  Hiera  was  produced  in  the  midst  of  flame! 
Phitiirch  and  Justin  relate  tliat  its  formation  wi 
accompanied  with  much  fire,  and  great  ebullitioi 
in  the  sea. 

On  the  SSd  May  I707,  at  sun-rise,  there  w: 
observed  in  tlie  sea  at  a  league  from  the  island  ct^ 
Santorini,  a  floating  rock.  Some  sailors  mistook  it 
for  a  ship  ready  to  founder,  and  they  pulled  towards 
it,  with  the  view  of  pillage-  On  arriving,  they  ven- 
tured to  alight  upon  it,  and  they  carried  oft*  some 
pumice  stones,  with  oysters  sticking  to  them.  Ib 
few  days,  the  rock  became  stationary,  forming  « 
little  island,  which  rapidly  increased  in  size.  Ttej 
sea  now  began  to  be  agitated,  and  a  degree  of  heafcj 
and  sulphurous  fumes  pervaded  the  island,  which  pi 
vented  its  being  approached.  On  the  l6th  July*/ 
17  or  18  black  rocks  rose  along  side  of  the  island 
on  the  ISth  there  issued  from  it,  for  the  first  tim< 
a  dense  smoke,  while  subterranean  beilowings  wer 
heard  ;  on  the  19th  the  fire  began  to  appear, ; 
gradually  increased  in  fury.  During  the  night, 
island  seemed  to  be  notliing  but  a  multitude  of  furj 
naces  vomiting  flames.  Its  magnitude  increasec 
so  that  tlie  noxious  fumes  became  intolerable 
iSantorini.  The  sea  boiled  violently,  and  threw  de: 
fish  on  the  neighbouring  shores.  The  submarii 
noises  rivalled  the  sound  ot'  furious  cannonading 
while  the  fire  made  new  openings,  which  project* 
showers  of  red-hot  aslics  and  stones,  sometimes  to 
distance  of  more  than  two  leagues.     This  intcres^ 
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ing  state  of  things  lasted  for  a  year.  Rve  hundred 
paces  from  the  island,  the  sea  felt  scalding  hot  to 
the  hand,  and  melted  away  the  pitcli  from  boats, 
which  had  tlierefore  to  be  prepared  for  the  volcanic 
trip,  by  an  extra  caulking. 

For  10  years  after  the  formation  of  the  new 
island,  the  volcano  made  several  eruptions — but 
when  examined  in  177*2  by  M,  de  Choiseid,  it  was 
quite  inactive ;  and  a  large  quantity  of  bitumen  and 
sulphur  was  observed  oozing  out  of  its  shores. 

Captain  Tillard  of  the  Royal  Navy  described  in 
the  Phil.  Trans,  for  ISI'2,  an  analogous  phenomenon 
which  presented  itself  to  his  notice  near  the  Azores. 
About  a  mile  from  the  north-west  cliffs  of  St. 
Michael's,  within  the  sea,  avolcano  sprung  up.  From 
this  part  of  tlie  water  an  immense  body  of  smoke 
was  seen  to  rise,  from  which  suddenly  burst  forth  a 
black  column  of  cinders,  ashes,  and  stones,  in  the 
of  a  spire  inclined  to  the  perpendicular  at  an 
angle  of  from  ten  to  twenty  degrees.  During  tliese 
eruptions,  vivid  flashes  of  lightning  continually  issued 
irom  the  densest  part  of  the  volcanic  smoke,  accom- 
ied  witii  occasional  water  spouts.  The  part  of 
sea  where  the  volcano  was  situated,  was  upwards 
thirty  fathoms  deep.  The  volcano  liad  lasted 
r  days,  when  a  crater  began  to  form  at  the  sur- 
e  of  the  water,  the  edges  of  which  rapidly  rose  to 
feet  above  its  level,  with  a  diameter  of  about 
feet  The  contiguous  cliffs  of  St.  Michael's 
re  at  this  period  shattered  by  a  shock  of  an  earlh- 
.ke-  The  nioutli  of  the  crater  facing  St.  Michael's 
nearly  level  with  the  sea,  though  in  other  parts 
ventually  rose  to  a  height  of  i'ully  200  feet.  It 
2  F 
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was  filled  with  boiling  hot  water,  which  overfloweJ 
into  the  sea  by  a  small  channel  of  six  yards  broad ; 
through  which  it  was  probably  filled  again  at  high 
water.  This  streain,  close  to  tlie  margin  of  t  lie  sea, 
was  so  hot,  as  to  scald  the  fingers  when  they  were 
sufTered  to  remain  in  it  a  few  seconds  ;  and  great 
numbers  offish  were  destroyed  during  the  early  part 
of  the  eruption.  This  island,  called  Sabrinaj  after  the 
name  of  Captain  Tillard's  ship,  was  not  long  %-i$ible^ 
for  in  181^2  nothing  but  a  little  smoke  or  steam  was] 
perceived  to  rise  from  the  sea,  wliere  the  volcanic 
ashes  had  been  thrown  up. 

Appearances  altogether  similar  occurred  on  May 
10,  IS  14,  during  serene  weather,  on  the  coast  of 
Kamtschatka.  M 

In  the  history  of  volcanic  eniptions,  frequent  men- 
tion is  made  of  torrents  of  vrsktcv  and  mud  ejected 
by  volcanoes.  Bouguer  and  Condamine  saw  tbtte 
formidable  torrents  tear  up  the  surface  of  a  wtele 
country.  Six  hours  after  an  explosion  of  Cotopa^ti, 
a  village  nearly  80  miles  distant  in  a  straight  line, 
and  probably  1-M)  by  the  winding  channel,  wall 
entirely  swept  away  by  the  flood.  In  1698  die 
volcano  of  Carguarazo,  contiguous  to  and  probabl]^] 
connected  with  Chimbora^o,  sunk  in,  and  coven 
nearly  50  square  miles  of  country  with  mud.  It 
not  in  fact  by  burning  lavas,  that  the  volcanoes 
Peru  and  Quito  exercise  their  ravages,  but  by  U 
rents  of  mud  and  water.  The  nuid,  when 
ejected,  has  the  consistence  of  pap,  but  it  s| 
hardens  ;  and  occasionally  contains  so  much 
combustible  matter,  tliat  the  inhabitants  make  useoT 
it  afterwards  for  fuel.    Sometimes  the  muddv  waU'rs 
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that  flow  from  subterranean  caverns,  carry  along 
with  them  a  vast  quantity  of  small  fishes.  These 
are  a  species  of  glutinous  pimelodes  (pimelodes  cyclo- 
pum,  Humb.)>  of  which  tlie  largest  are  scarcely  4 
inches  lon^.  Their  number  is  often  so  considerable, 
that  by  jxUrifying  they  breed  a  pestilence  in  the 
country.  They  are  of  tl»e  same  species  as  tliose 
Jiving  in  the  native  streams  ;  from  which  it  would 
appear  that  there  are  certain  commuuications  be- 
tween the  upper  level  of  the  volcanic  lakes  in  the 
interior  of  the  mountains,  and  the  surface  of  the 
external  land.  The  wonderful  circumstance  is, 
tliat  they  are  raised  up  i'rom  that  level  80UO  or  UOCH) 
feet  high,  and  ejected  from  the  crater  with  very 
little  injury. 

■  The  masses  of  water  and  mud,  in  the  preceding 
cases,  are  probably  due  to  local  peculiarities.  There 
can  however  be  no  doubt  that  the  ex]>ansion  of 
water  by  heat  into  steam,  fornw  the  eruptive  agent 
which  elevates  aud  throws  out  the  liquid  lavas  of 
volcanoes,  as  well  as  the  showers  of  ashes  and 
stones.  The  fountains  of  tlie  Geysers  in  Iceland, 
indisputably  prove  tlie  volcanic  agency  of  steam, 
^io  that  Savery's  engine  is  merely  a  miniature  model 
of  the  mechanism  employed  by  nature,  on  a  magni- 
ficent scale,  to  give  projectile  force  to  her  jets  of  hot 
water  in  Iceland.  "  For  an  hour  and  a  half^"  says 
an  intelligent  traveller,  "the  column  rose  witiiout 
interruption  150  feet  high,  being  17  feet  thick  at 
its  greatest  diameter ;  and  s})outed  up  with  such 
energy,  that  it  retained  near  the  top,  the  samje 
dimensions  and  tiie  same  figure  as  at  the  base.  On 
throwing  stones  into  the  volcanic  gulf,  they  wcr« 


S88  BOOK  ni,-CHAp.  ii.-oeological  catastrophe. 


seen  to  mount  instantly  \*'ith  the  column  of  water, 
and  even  to  reach  a  still  greater  height  with  aston- 
ishing velocity." 

Great  volcanic  eruptions  are  usually  accompanied 
witJi  very  heavy  rains,  which  inundate  the  conti-i 
guous  regions.     The  sea  seems  to  sympathise  with 
the  agitations  of  the  adjoining  volcanoes ;    rising 
and  falling  in  rapid  alternation.     M'e  may  ascribe  toi 
a  similar  oscillation  the  depression  which   it  sud- 
denly undergoes  in  tlie  neighbourhood  of  a  volcano, 
at  the  crisis  of  an  eruption,  caused  by  the  sudden 
deflux  of  a  great  body  of  water  into  the  vast  vol- 
canic  caverns.      Eaithquakcs  and    volcanoes   are 
intimately  related.     They  are,  says  D^Aubuisson, 
most  likely  the  effects  of  the  same  agents,  or  sub- 
terranean fires.      In  the   tremendous  earthquake 
which  destroyed  Lima  in  17'l-t»»  four  volcanoes  were 
opened  up  in  one  night,  and  the  agitation  of  the 
ground  immediately  ceased.     The  deeper  seated 
the  explosive  forces  are,  the  more  extensive  and 
stidden  is  the  concussion.     At  Cumana  in   1812, 
the  first  shock  lasted  6  seconds,  the  second  1*2;  then' 
a  very  loud  subterranean  noise  was  heard,  followed' 
by  a  per|)enilicular  movement  of  3  or4  seconds' dura* 
tion,  which  was  terminated  by  a  longer  continuedj 
undulatory  motion.      Nothing  on  the  surface  oi^ 
the  ground  could   resist  these  cross   oscillations. 
The  city  was  totally  overthrown,  leaving  only  the 
ithedral.     The  ocean  is  very  violently  agitated  by 
irthquakes.     At  that  which  desolated  Lislxm   in 
755,  even  the  British  and  Norwegian  seas  felt  the 
lock;  and  at  the  same  instant  the  whole  land  of  Por- 
tugal and  Andalusia  vibrated.    In  Africa  when  the 
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cities  of  Morocco,  Fez,  and  Mequinez  were  in  a 
great  degree  destroyed,  the  sensation  of  the  earth- 
quake was  perceived  over  a  large  poition  of  Spain, 
France,  Swit;cerland,  and  Germany.  The  shock 
that  ruined  Lima,  was  propagated  across  tlie  conti- 
tent  of  America,  and  the  Atlantic  Ocean,  even  to 
Europe.  A  violent  earthquake  which  not  long  ago 
iverturned  some  houses  at  Constantinople,  caused  a 
concussion  at  Fetershurgh.  On  the  8th  Sept.  iGOl, 
^between  one  and  two  o'clock  in  tlie  morning,  a 
^considerable  earthquake  shook  the  whole  of  Europe 
and  Asia. 

TilJ  Sia-  li,  Davy's  splendid  discoveries  of  the 
jnetallic  bases  of  the  earths  and  alkalis  in  I8O7  and 
1808,  no  hypothesis  explanatory  of  volcanoes  had 
been  offered  whicli  was  entitled  to  the  slightest 
respect  Ever  since  that  most  illustrious  era,  how- 
ever,  I  have  regaided  tlie  theory  of  volcanic  action, 
equally  complete  and  satisfactory,  witli  most  of 
our  physical  iiiductions.  It  is  therelbrc  peculiarly 
gratifying  to  find  tliat  its  celebrated  author  has  him- 
self finally  favoured  the  world  with  the  develop- 
ment of  views  so  entirely  his  own. 

The  metals  of  the  alkahs  and  earths  from  their 
paramount  affinity  for  oxygen,  could  not  j)Ossibly 
exist  on  the  surface,  but  only  in  the  interior  of  the 
globe.  On  this  principle,  volcanic  fires  would  be 
<)Ccasioned  whenever  these  metals  were  extensively 
exposed  to  the  action  of  air  and  water.  Thus  also, 
the  formation  of  lavas  might  be  explained,  as  well 
as  that  of  granites,  porphyries,  basalts,  and  many 
other  crystalline  rocks,  from  the  slow  cooling  of 
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the  proilucts  of  combustion  or  oxidation  of  th 
remarkable  substances. 

This  opinion  was  announce<l  by  Sir  IL  in 
paper  published  in  the  Piiilosopliical  Transact! 
for  1808;  and  illustrated  in  the  lecture  room 
the  Royal  Institution,  by  beautiful  experimen 
wliich  I  liad  the  pleasure  of  witnessing  in  1 
Since  1S12  he  has  endeavoured  to  gain  eviden 
.Tespecting  it,  by  an  examination  of  volcanic  phen 

tena  of  ancient  and  recent  occurrence  in  van 
rparts  of  Europe.     The  active  volcano  on  which  hi 
"^made  his  observations  is  Vesuvius  ;    than    whicl^ 
here  is  probably  no  other  so  admirably  fitted  far 
le  purpose,  from  its  ncinity  to  a  great  city, 
icility  with  which  it  may  be  ascended  in  every 
(eason  of  the  year,  and  the  nature  of  its  acti\ity. 

On  the  5th  December,  1819,  he  had  an  oppor^ 
tunity  of  examining  a  stream  of  lava  flowing  freely 
from  an  aperture  in  the  mouiUain,  a  little  below 
the  crater.  Tlie  crater  itself  emitted  so  large  ft 
quantity  of  smoke,  with  muriatic  and  sulphuroui 
acid  fumes,  that  it  could  be  approached  only  in  the 
direction  of  the  wind  ;  and  it  threw  up  every  two 
or  three  minutes,  showers  of  red-hot  stones.  At  an 
aperture  about  100  yards  below,  the  lava  flowed,  as 
if  ibrccd  out  by  clastic  fluids  with  a  noise  like  that 
made  by  steam  issuing  from  a  high  pressure  engine 
boiler.  It  rose  perfectly  fluid,  in  a  stream  of  from 
5  to  6  feet  diameter,  and  immediately  fell  as  a  ca- 
taract, into  a  chasm  about  iO  feet  below,  where  it 
was  lost  under  a  kind  of  bridge  of  cooled  lava-^€0 
or  70  yards  farther  down,  the  stream  reappeared. 
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On  issuing  from  the  mountain,  it  was  nearly  white 
hot,  and  exhibited  an  appearance  similar  to  that  pro^ 
duced  by  plunging  a  pole  of  wood  into  the  melted 
copper  of  a  foundery ;  its  surface  being  violently 
agitated  with  the  escape  of  large  bubbles,  which 
burst  into  a  white  smoke.  Under  the  bridge,  the 
lava  seemed  red-hot  in  the  sunshine.  The  force  of 
its  current  was  so  great,  that  the  guide,  a  very  stout 
young  man,  could  not  hold  a  long  iron  rod  in  it- 
During  the  whole  of  its  course,  which  was  nearly 
three  quarters  of  a  mile,  it  tlu-ew  off' clouds  of  white 
smoke,  except  at  two  or  three  interruptions  where 
it  flowed  under  a  cooled  surface.  As  the  smoke 
diminished,  it  cooled  and  became  pasty  ;  but  even 
where  it  terminated  in  moving  masses  of  scoria*, 
smoke  was  still  visible,  especially  on  stirring  them 

^  up,  or  the  red-hot  lava  in  the  interior. 

^  Next  day  Sir  H.  approached  within  four  or  five 
feet  of  the  lava  aperture,  and  examined  the  vapour 
close  to  it,  by  chemical  reagents.  From  an  eddy  in 
the  hollow  of  the  rock  over  which  it  lell,  he  lifted 
some  of  the  lava  in  an  iron  ladle,  and  ascertained 
iby  experiment  whether  any  combustion  was  going 
on  at  the  moment  of  its  issue  from  the  mountain- 
There  was  certainly  no  appearance  of  more  vivid 
ignition  in  consequence  of  its  exposure  to  the  air, 
Tjor  did  it  glow  with  more  intensity  when  it  was 
ised  in  the  ladle.  He  put  the  circumstance,  how- 
ever, beyond  tlie  possibility  of  doubt,  by  pouring 
some  of  the  fused  lava  into  a  glass  bottle  containing 
siliceous  sand  at  the  bottom ;  and  furnished  with  a 
ground  stopper.     He  closed  it  at  the  moment,  and 
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!xaraiiicti  the  air  at  his  leisure  ;  when  he  found  b 
:he  test  of  nitrous  gas  that  the  air  in  the  bottle  co 
lined  as  large  a  proportion  of  o\}'gen,  as  comnioi 
ir.      He  threw  melted  nitre,  both  in   mass  an 
►owder,  upon  the  surface  of  the  lava.     The  sal 
fused  by  the  heat,  but  there  was  no  deflagration  to 
indicate  the  presence  of  combustible  matter.     On 
making  the  experiment  on  a  portion  of  lava  takea 
up  in  the  ladle,  it  appeared  that  the  brightening 
he  fused  nitre,  was  partly  owing  to  the  peroxidize- 
lent  of  the  protoxide  of  iron  j  and  to  the  combi- 
lation  of  the  potash  of  the  nitre,  with  the  earths  of 
le  lava,  for  the  spot  covered  by  the  melted  nitre  wai 
changed  in  colour  from  an  olive  to  a  brown.     Thii 
inclusion  was  confirmed  by  finding  tliat  chlorate 
►f  potash  thrown  upon  the  lava  did  not  increase  its 
jdcgree  of  ignition  so  mucli  as  nitre ;  but  when  a 
itick  of  wood  was  made  to  communicate  a  Httle 
'bonaceous  matter  to  the  lava,  it  glowed   with 
'great  brdliancy  when  nitre  or  chlorate  of  potash  wai 
projected  upon  its  suriiice. 

When  some  fused  lava  was  thrown  into  water» 
and  a  glass  bottle  filled  with  water  was  inverted 
over  it,  only  a  very  minute  quantity  of  gas  was  dis^ 
engaged,  which  proved  on  analysis  to  be  commoa 
air  a  little  less  pure  than  what  is  obtained  from 
common  water  by  boiling. 

A  wire  of  copper  j'^^  of  an  inch  in  diameter,  aoJ 
a  wire  of  silver  y'^,  introduced  into  the  lava  near  iu 
source,  instantly  melted  ;  but  an  iron  rod  I  of  an 
inch,  with  a  piece  ol'iron  wire  about  ^V  were  licld 
for  five  minutes  in  the  eddy  of  tlie  stream  without 
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ilision,  nor  did  they  produce  any  smell  of  sul- 
phuretted hydrogen  when  acted  on  by  muriatic  acid, 
a  proof  that  no  sulphur  was  present  in  the  lava. 

A  tin  plate  funnel  tilled  with  eold  water,  was 
held  in  the  tliraes  that  issued  with  such  violence 
from  the  aperture*  Liquid  muriatic  acid  was  con- 
densed upon  its  surface.  When  the  same  funnel 
was  held  in  the  white  fumes  above  the  lava  where 
it  entered  the  bridge,  no  fluid  was  precipitated  upon 
it,  but  it  became  coated  with  a  white  powder  which 
.proved  to  be  common  salt,  absolutely  pure. 
;  A  bottle  of  water  holding  about  tlu'ee  quarters  of 
^  pint,  with  a  long  narrow  neck,  was  empUed 
immediately  in  the  aperture  from  which  the  vapours 
issued  that  pressed  out  tlie  lava.  The  neck  of  the 
bottle  was  immediately  closed.  The  air  which  it 
contained,  being  tested  by  potash-water  indicated 
no  carbonic  acid  gas,  but  consisted  of  91  azote, 
and  9  oxygen.  There  was  not  the  least  smell  of 
jBulphurous  acid  in  the  vapour  from  the  aperture, 
nor  were  the  lumes  of  muriatic  acid  so  strong  as  to 
be  unpleasant;  but  the  last  quarter  of  an  hour  that 

rSir  H.  was  engaged  in  these  experiments,  the  wind 
changed  and  blew  the  smoke  from  tlie  crater  upon 
the  spot  w^here  he  was  standing,  when  the  sul- 
phurous acid  gas  in  the  fumes  were  found  so  highly 
irritating  to  the  organs  of  respiration,  as  to  oblige 
him  to  descend.  Nor  was  the  effect  on  his  lungs 
transient,  for  a  violent  catarrhal  indisposition  ensued, 
which  prevented  him  from  ascending  the  mountain 
ibr  a  month. 

On   the  6th  January  he  made  another  visit  to 
Vesuvius,  and  found  the  appearance  of  the  lava 
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considerably   changed.      The  mouth  (boccd)   froitt 
which  it  liad  issued  on  the  5th  December  was  now 
closed,  and   the    current   flowed   silently    from 
chasm  in  the  cooled  lava  about  300  feet  lower  down 
The  heat  was  evidently  less  intense.     He  repeated 
his  experiments  with  nitre  with  the  same   results, 
and  exposed  pure  silver  and  platinum  to  the  fused 
lava;  when  the  metals  were  not  tarnished.  The  rocks 
near  the  ancient  bocca  were  entirely  covered  with 
white,  yellow,  and  reddish  saline  substances,  consist- 
ing of  common   salt  in  great   excess,  with    much 
muriate  of  iron,  and  some  sulphate  of  soda,  along 
with  a  small  quantity  of  sulphate  or  muriate  of  pot- 
ash, and  a  minute  trace  of  oxide  of  copper-     There 
was  one  specimen  of  large  saline  crystals  in  a  cavity,  ■ 
which  had  a  slight  tint  of  purple.    These  were  com-  " 
mon  salt,  with  a  slight  portion  of  muriate  of  cobalt 
On  the  ^6th  January  the  lava  was  seen  nearly 
white  hot  through  a  chasm,  near  tlie  place  where  it 
flowed  from  the  mountain.     lie  threw  nitre  upon 
it  in  large  quantities  through  this  chasm,  but  there 
was  no  more  increase  of  ignition  than  when  the  ex- 
periment was  made  on  lava  exposed  to  the  free  air. 
The  appearance  of  the  sublimations  was  now  con- 
siderably changed;  those  near  the  aperture  wereH 
coloured  green  and  blue  by  salts  of  copper;  butfl 
there  was  still  a  great  quantity  of  muriate  of  iron. 
On  the  5th  December  the  sublimate  of  the  lava  was 
pure  chloride  of  sodium  (common  salt);    in  the^ 
sublimate  of  January  (i,  there  was  sulphate  of  soda" 
with  indications  of  sulphate  of  potash.     In  the  sub- 
limates collected  on  the  36th,  the  sulphate  of  soda 
was  in  much  laiger  quantities,  as  well  as  the  potash 
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salt.    From  the  5th  December  to  the  20th  February 

the  lava  flowed  in  larger  or  smaller  quantities,  so 

m  that  at  night  a  stream  oFignited  matter  was  always 

B  visible,  more  or  less  interrupted  by  cooled  lava.     It 

■  changed  its  direction  according  to  the  obstacles  it 
B  encountered  ;  never  extending  apparently  so  much 

as  a  mile  from  its  source.  During  the  whole  of 
this  time,  the  craters,  two  in  nutiibcr,  were  in 
activity  ;  the  large  one  throwing  up  showers  ol' 
ignited  ashes  and  stones  to  a  height  of  from  200  or 
iiOO  feet;  the  smaller  one  projecting  steam  with 
great  violence,  Wiienever  the  crater  could  be 
approached,  it  was  found  to  be  coated  with  saline 
incrustations  ;  and  the  walk  to  the  edge  of  the  small 
^crater  on  the  6th  January  lay  through  a  mass  of 
loose  saline  matter  principally  common  salt  coloured 
by  muriate  of  iron,  in  which  the  feet  sunk  to  some 
depth.     It  was  easy  even  at  a  great  distance  to 

■  distinguisli  between  the  steam  disengaged  by  the 
one  crater,  and  the  earthy  matter  thrown  up  by 
the  other  ;  for  the  steam  appeared  white  in  the  day, 
and  formed  perfecdy  white  clouds,  which  reflected 
the  morning  and  evening  light,  of  the  purest  tints 

^  of  red  and  orange  ;  while  the  earthy  matter  appeared 
always  as  a  black  smoke,  forming  black  clouds  ;  and 
in  the  night  it  was  higiily  luminous  at  the  moment 
of  the  explosion. 

B-  On  the  20th  February,  the  small  crater  which 
had  been  disengaging  steam  and   clastic   matter, 

H  began  to  throw  out  sliowers  of  stones.     On  the 

W  night  of  the  23d,  afler  an  explosion  which  shook 
the  windows  of  Sir  Humphrey's  bed-room  at  Naples, 
a  column  of  ignited  matter  was  seen  ascending  from 
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Vesuvius  to  a  height  at  least  equal  to  that  of  tb 
mountain  from  its  base,  which  illuminated  the 
wliolc  iiorizon  with  volcanic  light,  both  direct,  and 
rertoctcd  from  the  clouds  above  the  column  o; 
ignited  matter.  On  observing  the  lava,  it  appeared 
at  its  origin  much  broader  and  more  vivid  ;  and  it 
was  evident  that  a  fresh  stream  had  broken  out  to 
the  riglit  of  the  tbrmer  one.  When  lie  visited  tlie 
mountain  on  the  morning  of  the  ^4th,  he  could  not 
ascend  to  the  top  which  was  covered  with  clouds, 
nor  could  he  examine  the  orifice  from  which  the 
lava  issued  ;  but  near  the  termination  of  the  stream  h 
it  was  from  50  to  100  feet  broad.  The  saline  V 
matters  condensed  on  some  of  the  masses  of  scoria, 
were  of  the  same  nature  in  their  constituent  parts, 
as  those  of  the  lava  of  the  i2<3th  January,  but  with 
a  larger  proportion  of  sulphate  of  soda,  and  a  smaller 
proportion  of  muriate  of  iron.  The  dense  white 
smoke  emitted  in  immense  columns  by  the  lava 
during  the  whole  of  its  course,  was  most  probably 
produced  by  the  same  substances. 

In  May,  ISlt,  Hanie  and  steam  issued  from  the 
bottom  of  the  i'unnel-ibnned  crater  j  along  with 
fumes  of  sulphurous  and  muriatic  acids.  There 
was  no  indication  of  caibonaceous  matter  from  the 
colour  of  the  smoke ;  nor  was  any  deposited  upon 
the  yellow  and  white  saline  matter  surrounding  the 
crater,  which  was  principally  sulphate  and  muriate 
of  soda,  with  muriate  of  iron,  and  occasionally 
muriate  of  annnonia. 

In  March  1815,  the  crater  presented  very  differ- 
ent appearances;  there  was  no  lava  aperture.  'Die 
volcano  remained  quiet  for  minutes  togetlier,  and 


I 
I 

I 

I 
I 


SOUNDS  PRELUSIVE  OF  ERUPTION.  397 

tlien  burst  out  into  explosions  with  considerable 
violence,  with  the  ejection  of  fluid  lava  and  ignited 
stones  to  the  lieight  of  many  hundred  feet  in 
the  air. 

These  eruptions  were  preceded  by  subterraneous 
thunder,  apparently  coming  from  a  great  distance, 
and  lasting  sometimes  for  a  mmute.  During  the 
four  times  that  Sir  Humphrey  was  upon  the  crater 
in  the  month  of  March,  he  had  at  last  learned  to 
estimate  the  violence  of  the  eruption  from  the 
nature  of  the  sound;  a  considerable  explosion  being 
betokened  by  loud  and  long  continued  subterra- 
neous thimdcr.  Before  the  cniption  the  crater 
appeared  perfectly  tranquil ;  and  its  bottom,  appa- 
rently without  an  aperture,  was  covered  with  ashes. 
Soon  indistinct  rumbling  sounds  were  Iieard  as  if  at 
a  great  distance  ;  these  gradually  approached,  till 
discharges,  like  artillery,  were  felt  under  his  feet. 
The  ashes  then  began  to  rise  and  to  be  thrown  out 
Ipwith  smoke  from  the  bottom  of  the  crater;  and 
lastly  the  lava  and  ignited  matter  were  ejected  with 
a  most  \iolent  explosion,  "  I  need  not  say  that 
when  I  was  standing  on  the  edge  of  the  crater 
witnessing  this  plienomenon,  the  wind  was  blowing 
■  strongly  from  me;  without  this  circumst;mce,  it 
^  would  have  been  dangerous  to  have  stood  on  the 
edge  of  the  crater  ;  and,  whenever  from  tlic  loud- 
ness of  the  thunder  the  eruption  promised  to  be 
violent,  I  always  ran  as  fast  as  possible  from  the 
seat  of  danger."  • 

Immediately  after  tlic  eruption,  the  ashes  and 

•  Sir  H.  Da\7.— Phil.  Trnns.  IR28,  Phrt  I^  p.  9+a 
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Stones  which  rolled  down  the  crater  seemed  to 
up  the  aperture,  so  that  it  appeared  as  if' the  igiiil 
and  elastic  matter  were  discharged  laterally,  wh 
the  interior  of  the  crater  assumed  the  same  appe 
ance  as  before. 

Having  interrogated  nature  by  these  admimb 
experiments  and  observations,  he  next  proceeds 
offer  the  following  judicious  remarks  on  the  tlieo 
of  the  phenomena.     It  appears  almost  denionst 
'ble,  says  he,  that  none  of  the  chemical  ca 
anciently  assigned  for  volcanic  Hres  can  be 
Among  these,  the  combustion  of  mineral  coal  is  oi 
of  the  most  current ;  but  it  seems  a  most  inadequa 
explanation.     However   large  the  stratum  of 
coal  might  be,  its  combustion  under  the  surfact 
could  never  produce  violent  and  extensive  heat  j 
for  the  production  of  carbonic  acid  gas,  when  the 
was  no   free  circulation   of  air,  must  tend  conti 
nualiy  to  impede  the  process ;  and  if*  such  a  can 
'existed,  carbonaceous  matter  would  certainly  bei 
Pmrnd  in  the  lava,  disengaged  along  with  the  salioi 
and   aqueous  products  from   the  bocca  or  crater, 
In  England  we  have  many  instances  of  strata 
mineral  coal  which  have  been  long  burning;  bi 
the  results  have  been  merely  baked  clay  iind  clay 
schists,  without  any  thing  at  all  resembling  lava. 

Were  Lemcry's  old  idea  correct,  that  the  action 
of  sulj)hur  on  iron  may  be  a  cause  of  volcanic  fires, 
sulphate  of  iron  ought  to  be  the  great  product  ofi 
the  volcano ;  whicli  is  known  not  to  be  tlie  case; 
and  the  heat  produced  by  tlie  action  of  sulphur  <mi 
the  common  metals,  is  quite  inadequate  to  account 
ibr  the  ap])earances. 
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When.it  is  consitlered  that  volcanic  fires  occur 
and  intermit  with  all  the  phenomena  tliat  indicate 
intense  cliemical  action,  it  seems  not  unreasonable 
to  refer  them  to  chemical  causes.  Hut  for  pheno- 
mena upon  such  a  scale,  an  hnmense  mass  of  mat- 
ter must  be  in  operation,  and  the  products  of  tlie 
volcano,  ought  to  give  an  idea  of  the  nature  of  the 
substances  primarily  active.  Now,  what  are  these 
products?  Mixtures  of  tlie  earths  in  an  oxidated 
and  fused  state,  under  intense  ignition  ;  water  and 
saline  substances,  such  as  might  be  furnished  by 

»the  sea  and  air,  altered  in  such  a  manner,  as  might 
be  expected  from  tlie  formation  of  fixed  oxidized 
matter.     But,  it  may  be  said  W  the  oxidation  of 

»the  metals  of  the  earths  be  tlie  causes  of  the  pheno- 
mena, some  of  tliose  substances  ought  occiisionally 
to  be  found  m  the  lava,  or  the  combustion  ought 
to  be  increased  at  the  moment  the  materials  passed 
into  the  atmosphere.  To  this  objection,  it  may  be 
rephed,  tliat  tbe  changes  which  occasion  volcanic 
fires  eviilently  take  place  in  immense  subterranean 

t cavities  ;  and  that  the  access  of  air  to  the  acting 
«ubstaiK:es  occurs  long  before  they  reach  the  day. 
The  ground  under  the  solfaterra  is  unquestion- 
ably hollow ;  nor  is  tliere  any  reason  to  doubt  of  a 
subterraneous  communication  between  tins  crater 
and  that  of  Vesuvius  ;  for  whenever  Vesuvius  is 
Kin  an  active  state,  the  soltaterra  is  comparatively 
tranquil.  Sir  H.  examined  the  bocca  of  tlic  solfa- 
terra on  the  iilst  February,  18^20,  two  days  before 
the  activity  of  Vesuvius  was  at  its  height.  The 
y  columns  of  steam  which  usually  rise  in  large  quan- 
tities when  Vesuvius  is  tranquil,  were  now  scarcely 
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visible,  and  a  piece  of  paper  thrown  into  the  ape 
ture  did  not  rise  again,  so  that  there  was  eve 
reason  to  suppose  the  existence  of  a  descen 
current  of  air.     The  subterraneous  thunder  h 
at  such  great  distances  under  Vesuvius,  is  almost 
a  demonstration  of  the  existence  of  great  caviti 
below,  filled  with  aeriform  matter ;  and  the  sam* 
excavations  which  in  the  active  state  of  tlie  volcan 
throw  out  immense  volumes  of  steam  during  » 
Igreat  a  length  of  time,  must  in  all   probability^ 
become  filled  with  atmospheric  air  in  its<|uiet  stat 

The  limestone  caverns  of  Carniola,  some  of  whicli 
contain  many  hundred  thousand  cubic  feet  of  air, 
show  the  vast  extent  to  wliich  subterraneous  ca 
ties  may  exist,  even  in  common  rocks ;  and  th 
deeper  the  excavation,  the  denser  is  the  air,  an 
he  fitter  for  combustion. 
The  same  circumstance  which  would  enable  th 
loys  of  the  metals  of  the  earths  to  produce  vol- 
canic phenomena,  namely  their  extreme  facility 
oxidation,  must  likewise  prevent  them  from  bein 
ever  foiuul  in  a  pure  combustible  state  among  th 
products  of  volcanic  eruptions ;   for  before   die 
reach  the  external  surface,  tliey  must  not  only 
exposed  to  the  air  in  the  subterranean  cavities,  bu 
be  propelled  by  steam,  a  substance  equally  fit 
oxidize  them  as  the  air.     "Assuming  the  hv 
thesis  of  the  existence  of  sbch  alloys  of  the  me 
of  the  earths  as  may  burn  into  hiva  in  the  intcriori 
the  whole  phenomena  may  be  easily  explained  from 
tiie  action  ol'  the  air  and  tlie  water  of  the   sea, 
those  metals ;  nor  is  there  any  fact,  or  any  of 
circumstances  which  I  have  mentioned  in  the  pre- 
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ceding  part  of  this  paper,  which  cannot  be  easily 
explained  according  to  tluit  hypothesis.  For  almost 
all  the  volcanoes  in  the  old  continent  of  considerable 
magnitude  are  near  to,  or  at  no  considerable  distance 
from,  the  sea ;  and,  if  it  be  assumed  that  the  first 
eruptions  are  produced  by  the  action  of  sea  water 
upon'the  metals  of  the  earths,  and  that  considerable 
cavities  are  left  by  the  oxidated  metals  thrown  out 
as  lava,  the  results  of  their  action  are  sucli  as  might 
be  anticipated ;  for  after  the  first  eruptions,  the 
■oxidations  which  produce  the  subsequent  ones  may 
take  place  in  the  caverns  below  the  surface.  \Vlieu 
the  sea  is  distant,  as  in  the  volcanoes  of  South 
.America,  they  may  be  supplied  with  water  from 
great  subterraneous  lakes;  as  Humboldt  states  that 
some  of  tliem  tlirow  up  fish. 

On  the  hj^othesis  of  a  chemical  cause  for  vol- 

anic  fires,  and  reasoning  i'rom  known  facts,  there 
appears  to  me  no  other  adequate  source  than  the 
oxidation  of  the  metals  which  form  the  bases  of  the 
eartlis  and  alkalis." — Sir  II.  Dav?/,  ut  supra. 

We  must  also  take  into  account,  considerations 
derived  from  thermometrical  experiments  on  the 
temperature  of  mines  and  hot  water  springs,  which 
show  that  the  interior  of  the  globe  possesses  a  very 

igh  temperature.     Thus  its  nucleus  would  appear 
be  in  fluid  ignition  ;  whence  the  solution  of  the 
em  of  volcanic  fires,  becomes  still  more  simple 

nd  satisfactojy- — See  begimiing  of  Chap,  iii. 


2  G 


402  BOOK  III. -CHAP.  n.-GEOLOGICAL  CATASTROPS 


5H.   BASALTIC  ERUPTION. 


A 


■>r^-'»r< 


Suflk,  wlUi  Flnf»r«  Cnvti. 

To  this  head  belongs  the  great  family  of 
rocks,  called  by  geologists,  vnstralijied  superjacent^ 
■which  cover  and  conceal  the  secondary  beds  ov« 

iinense   tracts  of  country,  and  which   may  baj 
^regarded  as  relics  of  those  tremendous  volcanic 
rations,  which  often  shook  the  old  world,  while  th< 
ushered  in,  caused,  and  accompanied  the  deluge^j 
Nowhere  do  these  eruptive  monuments  display  mor^l 
instructive  and  magnificent  forms,  than  in  the  Noi 
of  Ireland,  and  among  the  iScottish  Hebrides,  thougS] 
in  one  shape  or  another,  they  arc  scattered  over] 
all  the  earth,  attesting  the  universality  of  submarine 
fires  in  the  primeval  globe.     From  the    manifest] 
tokens  of  protrusive  violence  which  this  formation] 
has  ever)'  where  left  among   the   secondiu-y   and'; 
tertiary   beds  of  limestone,  sandstone,   chalk,  &c. 
between  and  above  which  it  is  seen  difilised,  there 
can  be  no  doubt  that  it  was  projected  up  through 
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thcin,  and  tlirowm  over  them,  long  after  they  were 
deposited,  and  is  therefore  clearly  of  posterior  date. 
For  the  valuable  details  which  follow,  I  am  princi- 
pally indebted  to  Dr,  MuccuUoch  and  Dr.  Boue. 
The  overlying  rocks  appear  under  various  aspects, 
which  muieralogists   have   given    a  variety   of 
lames  ;  but  in  truth  they  all  graduate  by  insensible 
ihades  mto  each  other,  and  hence  seem  to  have 
had   a   common   origin,  jis  they  are  in  chemicH 
[composition  nearly  the  same.     They  present  tlicra- 
lives  often  in  abrupt  columnar  masses  of  gigantic 
[dimensions,  imparting  a  black  and  dismal  character 
[to  the  territory  over  which  they  preside.     These 
[columns  sometimes  stand  vertically  over  tremen- 
[dous  precipices,  at  others,  they  stretch  horizontally 
[along  the  cliffs,  and  now  and  then  are  twisted  and 
t   into   the   most    curious   CLU\atures.      Their 
blocks  are  often  piled  up  in  rectangular  masses, 
!tlring  behind  each  other  on  the  face  of  a  moun- 
Liu  range,  as  if  composing  the  steps  of  some  colos- 
stair ;  whence  the  generic  tenn  trap  (stair)  was 
(applied  to  them  in  Sweden,  a  name  now  universally 
[adopted. 

This  family  of  rocks,  though  they  want  the  con- 
nuous  expanse  of  the  stratified  class,  and  therefore 
in  hardly  be  ranked  among  general  formations, 
■e  yet  very  extensively  distributed  over  the  face 
iof  the  earth.  If  Great  Britain,  for  example,  in  its 
^middle  and  southern  districts,  be  nearly  destitute  of 
them,  near  the  surface,  its  coal-measures  through- 
out exhibit  abundant  marks  of  their  presence  ;  and 
a  very  large  proportion  of  Scotland  lies  under  their 
influence. 
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Here  trap  sometimes  rises  into  considerable 
mountains,  as  in  Mull,  or  forms  sttipenilous  mural 
precipices,  as  along  the  western  shores  of  Sky.  Oc- 
casionally it  spreads  over  tlie  secondary  beds  in  a 
vast  expanded  sheet,  or  shoots  out  between  their 
layers  in  a  pseudo-stratification ;  phenomena  well 
exemplified  on  the  whole  Antrim  coast,  from  I-arne 
to  the  Giant's-Causeway.  The  basaltic  effusions 
are  superposited  on  formations  belonging  to  every 
geological  age,  from  granite  and  gneiss  to  tertiary 
strata.  In  Auvcrgne  they  are  observed  reposing 
on  the  latest  mineral  beds,  the  freshwater  lime- 
stone ;  near  Annabcrg  in  Saxony,  they  lie  over 
diluvial  land  ;  and  in  the  Vivarais,  at  the  summit 
of  die  Coirons,  M.  Beudant  discovered  than 
resting  on  strata,  which  contain  land-shells  (cyclo- 
stoma  elegans),  whose  analogues  still  live  in  the 
le  country.  Nowhere  liave  tliey  been  foun 
jcovered  with  other  mineral  beds ;  and  therefore 
iWe  are  justified  in  regarding  the  greater  part  of 
jtliem  as  of  posterior  origin.  On  the  otlier  hand» 
^tlie  appearance  of  tlie  fragments  of  tliese  rocks  in 
!tlie  lowest  sandstone  conglomerate,  proves  that  some 
formations  also  existed  beibre  the  deposition  of 

lie  secondary  strata. 
Granite  is  sometimes  penetrated  with  veins 
trip  as  at  tlie  Cape  of  Good  Hope,  where  numero 
[Veins  of  basalt  perva^le  it,  which  vary  in  diamet 

•oni  an  inch  to  ten  feet,  and  branch  off  in  as  many; 
•directions,  as  granite  veins  do  in  gneiss,  but  mo 
[jfrequently    it   is   sunnouuted   by   coulees   of  iU 

juong  stratified  rocks,  both  medial   and  super- 
medial,  it  is  found  in  broad  masses,  as  well  as  in 
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veins  ;  the  former  of  which  run  sometimes  parallel 
to  the  strata  for  a  certain  way,  tlien  break  through 
into  a  superjacent  phuie  in  which  they  proceed  as 
before.  Irregular  masses  of  trap  are  seen  lying 
beneath  the  stratified  rocks  in  sonic  places,  from 
which  veins  shoot  up  to  the  surface,  or  run  in  other 
rdirections. 


Pseudo-stratification  of  a  basaltic  vein,  injected  between  beds  of  sand- 
stone on  the  cast  coast  of  Trottemish.  The  Bjiparcnt  stratum  of  trap 
changes  its  line  of  direction,  passing  up  through  the  planes  between 
which  it  hatl  formerly  spread,  and  then  holding  n  stmitur  course  between 
others. — MaccvHoch's  Western  Isles. 

Large  beds  of  trap  are  often  subdivided  into 
prismatic  or  cubical  blocks,  which  get  rounded  by 
the  weather  into  forms  hardly  distinguishable  by  the 
eye  from  granite.  But  the  traps  more  usually  affect 
the  prismatic  figure,  a  tendency  first  displayed  by 
vertical  lines,  which  graduate  into  distinct  columnar 
fissures.  The  effect  of  architectural  regularity  is  pro- 
duced when  prisms  are  crossed  by  horizontal  bands 
rectangularly,  an  arrangement  conspicuous  in  Stafla, 
(see  figure  at  the  commencement  of  this  section). 
The  prisms  differ  in  form,  and  vary  in  the  number  of 
sides  from  three  to  twelve,  theii'  most  usual  number 
being  five  or  six.  Their  diameters  are  from  an  inch 
to  nine  feet;  and  their  lengths  from  a  foot  to  upwards 
of  three  hundred  ;  in  whicli  space,  there  are  often 
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transverse  fissures  constituting  natural  joints,  eith 
oblique  or  at  right  angles,  to  the  axis. 

This  columnar  structure  is  not  restricted  to  b 
salt;  it  appears  in  syenite  and  claystonc  in   Ail 
Rum,  and  Arran ;  in  augite  rock  in  Sky ;  iD  po 
phyry  in  Arran  and   Egg,  and  in  greenstone 
several  localities.     The  predominant  substance  in' 
the  members  of  the  trap  family,  is  a  simple  rock, 
wliich  indurated  clay  or  wacke  may  stand  at  a 
end  of  the  range,  and  compact  felspar  at  the  other 
the  intennediate  body  being  claystone  and  clink 
stone.     In  some  cases,  the  simple  rock  compose!] 
the  whole  mass;  in  others,  it  is  mixed  with  otli 
minerals  in  various  modes  and  proportions ;  pr 
ducing  great  diversities   in   the  external    aspect, 
without  any  essential  difference  in  the  fundamental 
nature  of  the  compound.     Hornblende  is  the  m 
common  crystalline  ingredient  of  these  overlyin; 
rocks  ;  and  it  gives  character  to  three  of  the  lead 
ing  members  of  the 
■gycnite  ;  in  each  of 

clinkstone,  or  common  felspar  is  united  to  it.  Those 
rocks  in  which  any  of  these  tliree  bases  has  a  pal 
white,  yellowish,  or  reddish  hue,  are  ranked 
syenites  ;  and  those  where  it  is  gray,  greenish,  flC 
dark-coloured  are  greenstones.  The  latter  ha9| 
inoreover,  a  larger  proportion  of  hornblende  tliaa 
the  former.  Augite  and  hyperstene  are  also  two 
ininerals  which  enter  largely  into  these  unstraiified 
focks,  and  communicate  in  each  case  very  peculiar 
characters. 

The  most  interesting  feature  of  the  trap  tbnua- 
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farady,  basalt,  greenstone,  aQ4^ 
which  the  basis  of  clavstone,™ 
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tion  is  to  be  found  in  the  veins  of  it,  which  paas 
througli  the  subjacent  or  surrounding  strata.  Per- 
liaps  the  most  remarkable  example  of  these  veins  is 
that  described  by  Dr.  Macculloch  as  occurring  in 
Strathaird  on  the  coast  of  Sky.     They  traverse  in 


i 
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Basaltic  veins  descending  thmagh  Sandstone  frnm  a  tupeijaoeot 
coul^  in  Strathaird. 


nearly  a  vertical  direction,  and  parallel  to  each  other, 
the  sandstone  strata  of  the  cliffs  ;  being  so  numerous 
in  many  places,  as  nearly  to  equal,  when  collectively 
taken,  the  mass  of  the  stratified  rock  itself  Thus 
6  or  8  are  sometimes  observed  within  the  space  of 
150  feet;  and  their  aggregate  magnitude  is  ap- 
parently Co  or  70  feet.  The  veins  do  not  vary  in 
size  through  the  visible  part  of  their  course,  nor  do 
they  throw  out  ramifications  ;  their  average  breadth 
being  10  feet,  though  they  vary  from  5  to  20. 

The  basalts  of  an  earthy  fracture  are  liable  to  de- 
composition  by  the  weather,  while  the  vitreous  traps 
are  very  durable.  lu  the  instance  of  Strathaird, 
they  seem  to  decay  very  fast,  and  occasion  caves  and 
fissures  in  the  sandstone  walls.  At  the  spar  cave, 
this  wasting  effect  of  the  sea  and  air  has  corroded 
the  basalt  to  a  depth  of  SoO  feet  from  the  external 
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cliff.  The  sandstone  partitions  that  remaiot  1( 
like  terminal  abutments,  and  when  cut  oti'  behind] 
by  similar  corrosion,  they  seem  to  stand  forth  in{ 
square  pillars  of  masonry. 

In  one  of  these  great  veins,  another  smaller  one 
seen  passing  through  it-  They  all  seem  to  disap-i 
pear  in  the  superincumbent  mass  of  trap  ;  suggest*! 
ing  the  idea,  that  they  penetrated  downwards 
through  the  unindurated  sand  beds,  from  a  stream 
of  lava  effused  above.  What  gives  probability  to 
this  opinion,  is  that  the  strata  remain  here  quite 
undisturbed,  though  they  are  very  liable  to  disorder 
from  venous  intrusions.  The  sandstone  is  muchl 
harder  on  the  facade  crossed  by  the  basalt  than  el; 
where. 


Tliti  iihovc   fig^ire   represents  a    trap   vein,  passing 
through  the  calcareous    ^and^tonc  of  Stratltainl,   and   ogiun 
Dearly  in  the  line  of  its  axis,  bv  o  second  amullcr  vein  of  biualt, 
larly  untiulated ;  somewhat  Like  the  zigzag  line  of  an  electric  ipvi 
tlie  Btmospliure. 

Among  tile  limestone  beds  of  Borrereg  an  ijistnio- 
tive  phenomenon  occurs.  A  bed  of  basalt  aller 
flowing  extensively  in  a  j)arallel  course  among  tJie 
strata  of  limestone,  makes  a  sudden  flexure  into  tbc 
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oblique  position,  which  shortly  becoming  vertical, 
runs  away  beyond  reach  of  examination  in  the 
capricious  manner  of  a  trap  vehi,  havin<i;  in  its  pro- 
gress intersected  at  right  angles  in  one  place,  those 
strata  to  which  it  lay  parallel  in  another. 

The  hist  trap  vein  deser\'ing  specific  notice  in  the 
Strathaird  district,  is  one  found  near  Loch  Oransa, 
remarkable  for  the  mixture  which  it  presents  within 
itself  of  all  the  ordinary  varieties  of  trap;  being  a  tine 
grained  basalt,  at  the  edge,  and  passing  by  degrees 
into  greenstone,  porphyry,  and  amygdaloid. 

Trap  formations  like  the  common  volcanic  erup- 
tions, have  a  tendency  to  recur  in  the  same  spot. 
The  alternations  found  in  Canna  prove  that  the 
several  formations  visible,  there  at  least,  are  as  dis- 
tinct in  time,  as  they  are  in  place  ;  since  lapse  of 
time  is  evidently  implied  in  the  formation  of  con- 
glomerate rocks.  Here  we  see  rolled  masses  of 
basalt  aggregated  into  a  breccia,  which  is  again 
covered  by  a  fresh  bed  of  basalt  In  the  same 
island,  cavities  have  been  observed  in  the  trap  rocks 
exactly  similar  to  those  included  in  the  scoriae  of 
volcanoes,  or  in  cellular  lavas.  Cells  of  the  same 
kind  occur  abimdantly  in  Mull,  in  the  trap  near 
Oban,  and  they  are  particularly  conspicuous  in 
some  parts  of  tlie  little  Cumbray.  Such  analogies 
complete  the  cliain,  which  links  the  traj)  formation 
to  \nsible  volcanic  products. 

Tlie  overlying  rocks  occupy  a  large  portion  of  the  Hebrides. 
Tlipy  form  tlie  inounrain  massos  of  Curhullin,  nnd  the  ^-ast  cliffi*  of 
nearly  the  whole  coasl  of  the  large  island  of  Sky,  Kum,  Egg, 
Canna,  and  Mull  ore  nearly  hi  ihe  same  predicament.  The  Bonth- 
«m  half  of  .\rnui  is  aLso  bnsaltir ;  not  to  mention  many  partial 
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formations  of  ihe  Bame  rock  among  the  oilier  iftleit.  A  jaster  idcA 
of  tlie  amouni  of  ihese  projected  rocks  may  Ikowever  be  liad  from 
B  survey  of  tbe  ^at  inountaiu  tnaases  wliicb  tliey  form  in  ScoUaDcL 
The  fullowiiig  con^tiNt  of  trap  overlying  red  nandstone : 

DuuMuiiau  hill  1012  feet;  Kinnoul  hill  632.  Tbe  chain  ni 
the  Ochill  lulls  is  similar.  Here  are  Beocleugh  2200  feet  Ugh, 
Dalmyatt  2o00,  Alva  hill  1600. 

Among  the  Pentlaiidii ;  Logan  Househill  1700;  Caemethj 
1500;  Kirklonr  hill  1120;  Castlelaw  1390;  Kirkyetten  1500; 
Dalmahoy  680. 

Trap  elevations  near  Edinbiuxh  :  Braid  480 :  Salisbury  aw% 
550;  Arthur  Real  800;  Coretorphine  hill  470;  Caatle  rock  of 
Edinburgh  335 ;  North  Berwick  law  940 ;  Taprain  law  700, 

In   the  Clyde   diNtrict :  Tmto   2306;    Eildon    1360;  Campue 
1500;  NeiUtonhill  820;  Mititylaw   1240;  CaMie   rock  Dumbar- 
ton 500;  Garroch  head  island  of  Hute  700.     The  hitrhest  points  of 
tbe  southern  trap  hills  of  Arran  and  Rasay,  are   1000  feet ;  Cucb- 
aUiu    cliain   (hyperstene   rockn)  Sky,  2000;    l3enniore  and  Bctt 
y  Chat  m  Mull;  the  fir^t  3097,  the  second  2294;  Basaltic  cone  of 
Lamlash  isle   1009;  Duncan  hill  in  Itasay  about  1500;  Slorr  iB 
Trottemish  in  the  isle  of  Sky  aliout  2000 ;  Oreval  and  Benmorvi 
isle  of  Hum,   near  2000 ;   Isle  of  Canna   800 ;  Scuir  of  Egif,  • 
beautiful   pitchstone  porphyry,    1339;    nortliem  district   of   Mollj 
about   1400;  tlistrici  of  Gribon  in  that  ii«land  2000;  ilie  stef^j 
cscaqiments   of  the  same   1000;  Isle   of  Gometra  801);    Isle 
Ulra   1300;  Isle   of  Kerrera,   iu  centre,    ISOO.     Combining;  tkt 
«\t«nt  witli  the  altitude  of  these  mountain  masseSt  we  nmy  couc«ivtj 
vrhat  enormous  con^nlsionH  must  have  accompanied  their  enipcioB| 
under  the  surface  of  the  primeval  ocean. 

What  a  vast  body  of  la\*a  must  have  been  ejected  to  coifr 
islaiul  like  Sky,  50  miles  long  and  20  broad,  with  coulees  in 
places  1 000  feet  deep  !     The  basaltic  mantle  of  the  island  of  Mi 
is  in  like  manner  enormous ;   and  from  these  two  central  foci 
auti(|ue  lava  seems  to  have  njiread  over  the  whole  dUirict  of 
ip  isles;  of  which  only  small  fragments  are  exposed  to  ^-iew, 
;at  portion  being  now  engulpheil  in  the  deep ;  forming  dark 
tic  caves,  and  submarine  cau.'^ewuyH. 

The  basaltic  mountains  ditl'er  mucii  in  sliape.     Tliey 
appear  in  maif»ive,   irregular  groups  of  angular  rocks ;  u  in 
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riciniiy  of  Aclmacraig  in  Mull.  Bat  most  rommoiily  tliey  present 
a  series  tif  terraces  placed  one  above  oiiotlier,  capped  by  slightly 
ronnded  Borfacea,  or  in  Hcnall  poaks  or  detached  oonas,  having  a 
pointed  or  rounded  aspect.  Occasionally  they  compose  small 
uiounds  flattened  on  tlie  top,  like  ^JacletKl'H  tables  in  !Sky.  I1)e 
ordinary  altitude  of  the  terraces  ia  from  20  to  80  feet,  and  their 
slope  depend*  partly  on  the  greater  or  less  de^dation  which  the 
rocks  have  undergone}  and  on  the  nature  of  tlie  coostitueot  beds. 
Now  and  then  pretty  gentle  declivitiefl  covered  with  turf  are 
observed  between  the  precipices.  In  tliis  way,  a  trap  monntain 
may  consifiit  of  two  or  three  vertical  sectiontt,  joined  by  inclined 
planee ;  a  character  whicli  Berves  to  distinguish  these  manses  from 
the  primitive  and  secondary  mountains,  and  to  mark  their  mode  of 
deposition.  At  other  times,  the  clifl's  run  nearly  stmighl  down 
from  top  to  bottom.  Thus  the  summits  of  Storr  in  Trottemish 
are  cut  almost  vertically  on  the  eastern  side  into  a  facade  of 
nearly  500  feet,  presenting  detacfied  rocks  which  by  tlieir  square 
or  pointed  forms,  resemble  at  a  distance,  caAth^s,  towers  and  spires. 

The  inclination  of  the  basaltic  beds  naturally  <lepends  on  the  sur- 
face on  which  tliey  rej)ose  ;  thus  in  Trottf'niish,  the  position  of  the 
aubjtu'ent  gryphite  Limestone,  gives  them  an  inclination  to  the  west, 
in  the  isle  of  Egg  they  incline  to  the  eoutb,  in  Italia  tliey  slope 
down  to  the  east  at  an  angle  of  9°,  while  they  lie  almost  horizon- 
tally over  the  upright  edge-s  of  the  primitive  rocks,  or  over  one 
another,  in  Mull  and  its  dependencies. 

The  Campsie  hills  form  a  long  ridge  of  overlying  trap  in  the 
centre  of  tlie  Scotli?ih  Lowlands.  They  proceed  from  west-south- 
west to  east- north 'CaHt>  bei;iiiDing  in  the  valley  of  red  sandstone 
near  Dumbarton,  and  ending  in  the  strath  of  Stirling.  On  the 
north  from  Dr)'meii  to  Stirling  they  are  bordered  by  a  nearly  Bat 
formation  of  sandy  dilnnum ;  antl  on  the  south,  by  coal-measures 
which  connect  the  grand  coal  l>asins  of  Forth  and  Clyde.  Tlie 
greatest  length  of  the  ridge  i«  about  22  miles,  and  its  avcmge  breadth 
10,  Itaving  a  surface  finely  waved  with  undulations  nmniug 
from  south  to  north.  The  eminences  are  in  general  rounded  and 
have  their  convex  parts  tumeil  to  the  west.  On  the  east,  the  ridge 
sliipes  down  in  a  plane  inclined  at  an  angle  of  20**  or  30*.  Tlie 
Bummits  are  in  general  1200  or  1500  feet  high  ;  but  the  Meikle- 
Den  rises  to  1800  feet,  anil  gives  origin  to  the  rivers  Carron  and 
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Endi-ick ;  wbicb  run  to  opposite  aetis.  Tlic  tops  exhibit  tmaB 
escar])meuts,  or  sleep  clifl's  on  tlie  western  side,  as  do  tbe  trap  hiUsj 
in  general  of  tlie  great  valley  of  Scottiuid,  wiih  an  oocanoBftl  «fi»»| 
play  of  irregular  prismatic  colonnades.  On  the  siiles  of  the  trans* 
ven^e  valleys  of  CamiMie  and  Fintry,  pretty  extensive  sectiooa  of' 
the  anpofposition  of  sereral  basaltic  beds  on  one  another  appavv 
similar  tu  what  forms  so  picturesque  an  object  above  Kilpatrick 
on  the  north  banks  of  the  Clyde,  near  Unmlmrton. 

We  are  indebted  to  Dr.  Berger  an(l  the  Rev.  W, 
Conybcarc  for  a  very  interesting  account  of  the 
basaltic  area  of  tlie  north  of  Ireland,  presenting 
facts  demonstrative  of  its  igneous  origin,  and  die 
extensive  convulsions  which  must  have  attended 
its  eruption. 

Tlie  opposite  points  of  Scotland  and  Ireland  on 
the  Antrim  coast,  corrosj)ond  exactly  in  geological 
structure.  The  Mull  of  Cantyre  which  faces  Tor 
Point  resumes  the  chain  of  mica  slate  which  was 
there  broken  oft'  The  Cantyre  hills  are  connected 
with  the  Grampians,  a  chain  strikingly  similar  to 
the  mica-slate  mountain  range  of  the  county  Lon- 
dondeiTy,  which  is  succeeded  on  the  south  by  a 
conglomerate,  perfectly  resembling  that,  which  is 
so  well  known  as  skirting  the  Grampians  on  their 
southern  border. 

Of  the  basaltic  group  of  hills  in  Ireland,  KnocklettU  in  tbc 
northeni  extremity  of  tJie  eastern  cliain  oHlts  the  highest  snmmil, 
risin}^  1820  feet  above  the  level  of  tlie  sea ;  but  its  Imimm  is  occupied 
to  the  height  of  500  feet  by  primitive  rocks,  leaving  1320  feet  for 
the  thickness  of  the  overlying  strata.  Divis  hill,  near  the  suathen 
extremity  of  the  chain,  in  wlioUy  composed  of  these  strata,  md 
attains  an  elevation  of  1476  ft'et  above  the  level  of  tbe  sea.  Ci^ 
na»boack  at  tlie  suutliern  extremity  of  the  western  cJioin  Ima  a  he^gbt 
of  I8ti4  feet,  Tim  hoKaltic  covering  smmus  to  acquire  it«  KTBaUat 
thickness  ou  ttie  northj  where  the  basaltic  i^p  of  Beayavengh, 
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the  moflt  northern  suinroit  of  the  western  chain,  measores  more 
tlian  900  feet.  The  avcrajrc  cJppth  of  the  basaltic  Huperstratuin  may 
be  safely  p.stimateil  at  54-5  feet,  and  ittt  Kupor6cia1  extent  at  the 
prmligious  area  of  800  square  miles,  a  solid  mofis  of  magnificent 
dimcDi^ions. 

From  the  absence  in  Scotland  of  the  chalk  for- 
mation the  trap  lies  there  in  immetliate  contact 
with  secondary  sandstone  for  tlie  most  part,  but  in 
Ireland  it  has  substrata  of  chalk,  and  other  mem- 
hers  of  tlie  English  secondary  formations.  The 
chalk  in  Ireland  does  not  average  in  thickness 
above  200  feet,  while  in  England  its  mean  value  is 
800.  It  agrees  exactly  with  the  lower  beds  of  the 
English,  and  consequently  of  tlie  French  chalk, 
whicli  are  tlistinguishcd  from  the  liigher  beds  of 
the  same  formation,  by  their  greater  consolidation. 
It  is  impossible  for  any  two  portions  of  the  same 
formation  to  be  more  entirely  identified,  by  every 
external  character,  and  by  the  fossils  and  organic 
remains  contained  in  thtfm,  than  are  these  Irish 
beds,  with  the  English  beds  hi  the  isles  of  Wiglit 
and  Purbeck.  In  both  localities  the  lower  beds 
are  destitute  of  (lints,  which  the  upper  contain  in 
abundance ;  and  beneath  botli  of  them,  the  green 
sand  is  found,  called  Mulatto  in  Ireland.  But  the 
numerous  beds  of  coarse  calcareous  oolites,  which 
in  England  succeed  this  green  sjuidstone,  are  en- 
tirely wanting  in  Ireland,  arul  the  mulatto  reposes 
immediately  on  the  lias  limestone.  This  agiiin  rests, 
as  in  England,  on  beds  of  red  and  variegated  marl, 
containing  g>'psum,  and  is  further  distinguished  by 
numerous  salt  springs.  Under  the  mai*l,  lies  a 
thick  deposit  of  red  and  variegated  sandstone  con- 
taining clay  galls.     These  four  formations,  which 
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together  with  the  basalt,  constitute  the  whole 
of  the  mountains  associated  with  the  eniptive  ch 
cannot  be  estimated  as  possessing  a  less  avera< 
thickness  than  from  800  to  1000  feet.     This  whol 
system  of  beds,  at  its  north-eastern  and  south-wesi 
ern  extremities,  appears  to  repose   on    the    c( 
formation,  and  its  associated  limestone  ;   which 
their  turn  repose  on  primitive  rocks.     The  prool 
vhich   tiie  deep  valleys,   separating  the  detadiedl 
[eminences   characteristic   of  the  basaltic  system^] 
afford  of  their  formation  by  diluvial  action,  exca- 
vating portions  of  the  solid  strata,  where  no  rivers 
run,  are  complete,  and  have  been  ably  illustrated 
by  Dr.  Richardson  in  the  Appendix  to  the  Statistic 
cal  Survey  of  Antrim.     Rolled  fragments  of  primi. 
tive  rocks  are  often  found  on  the  smnmits  of  high 
basaltic  ridges  which  are  at  present  cut  off  from  all 
communication    with   the   primitive   districts,   by 
numerous  intervening  valleys  ;  indicating  at  once 
the  state  which  preceded  or  constituted  the  deluge, 
and  the  ravages  of  its  retiring  torrent-s. 

The  chalk  stratum  is  frequently  traversed  by 
basaltic  dykes,  and  often  exhibits  a  remarkable 
alteration  near  the  point  of  contact.  In  such  coses, 
the  change  sometimes  extends  8  or  10  feet  from 
the  wall  of  the  dyke,  being  greatest  where  in  con- 
tact  with  it,  and  thence  gradually  passing  into  the 
ordinary  appearance.  The  extreme  alteration  pre- 
sents crystalline  flakes;  then  a  saccliarinc  grain* 
lastly  a  porcellanous  density  ;  and  the  altered  chalk 
emits  a  vivid  phosphorescence  when  moderately 
heated.  In  the  insulated  mass  of  secondary  strata 
which  cap  the  primitive  mass  of   SHeve  Gallion 
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(on  the  south  of  the  great  valley  of  denudation, 
through  which  the  Mayola  flows,)  the  chalk  appears 
underneath  the  basalt,  and  there  it  attains  its 
greatest  elevation,  being  quarried  at  tlie  very  con- 
siderable height  of  1 4()0  feet  above  the  level  of  the 
sea.  Tlie  deposit  is  however  thin,  and  the  strata 
much  split. 

The  follomng  section  of  the  eliflffl  near  the  Causeway,  »howfi  the 
order  of  superposition  of  the  different  trap  rocks. 

Fcfft 

1.  BasaU  mrlely  columnar, 60 

2.  Rp<l  oclirt?  or  hole,     .,,,.•  9 

3.  Basalt  irrefrulurly  prismatic,         ,         ,         ,         .  60 
4-  Cohimnar  hasalt,         ..,,.-  7 

5.  InterniLHliate  between  hule  and  basalt,  .         .         8 

6.  Coarsely  colomnar  basalt, 10 

7.  Columnar  (wwalt,  the  upper  i-ange  of  pillars  at  Ben- 
gore  huttd,, M 

8.  Irregularly  |m.<<m&tic  basalt.    In  tins  bed  the  wacke 
BiKJ  wood  real  of  Port  Nnffer  tie,     .  .  ,       5+ 

9.  Coluiumir    ftaHalt,   tlie  stratum   which   fonus   tlic 
Causeway  by  its  interaection  with  the  sea  line,         44 

10.  Role  or  red  ochre^      ,         ^         ....       22 

11.. 

12.  >-  Tal»ular  basalt  divided  by  thin  seams  of  bole,     .       80 

13.  J 
U.   ^ 

15.  /-  Tabular  basalt  occasionally  containing  zeolite,       80 

16,  } 

Tlie  tabular  basalt  is  the  pn*vailinjf  rock  of  tlie  trap  district, 
:cupying  at  least  nine-tenths  of  its  wliole  area.  It  is  disposed  itt 
ids  of  C4)nsi(Jerable  thicknens.  The  strata  of  coliminar  Iwisnlt 
sem  to  occur  ahnost  exclusively  towards  the  northeru  boundary 
lof  the  basaltic  area.  Tbe  pjllara  are  oonipoacd  of  die  mobt  com- 
pact and  homogeneous  variety  of  basalt,  containing  a  smail  quan- 
tity of  Bteatitc  occasionally  imbedded  in  its  mass,  and  possessmg 
the  property  of  being  more  or  le«8  sonorous  when  stmck  witli  the 
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hammer.     These  columns  appear  in  a  great  many  localities 
tliBt  of  the  Giant's  Caoaeway. 

The  following  remarks  on  basaltic  formations  h 
the  Rev.  W.  Conybeare  form  a  note  to  his  valiiabl 
paper  on  the  Nortli-East  of  Ireland  in  the  Sd  volu 
of  the  Geological  Transactions. 

While  describing  tlie  striking  appearances  p 
seated  by  Kenbaan  clifls,  1  cannot  forbear  to  declare 
the  conviction  which  this  spot  first  impressed  upon 
my  mind,  and  to  express  my  full  assent  to  the  argu- 
ments of  those  who  maintain  the  igneous  origin 
such  formations. 

I  would  observe  then  that  this  formation  is  dis- 
tinguished by  characters  so  directly  opposed  to  those 
which  all  rocks  undoubtedly  of  aqueous  origin  pos- 
sess, that  no  hypothesis  which  ascribes  both  to  a 
common  origin,  can  be  othcrAvise  than  contradictory, 
and  at  variance  with  itself.     For, 

1.  Of  all  other  formations,  the  least  ancient  are 
the  least  elevated  ;  but  this  tlie  most  recent  of 
yet  rivals  the  primitive  mountains  in  hciglit. 

2.  Of  all  other  formations,  the  degree  of  consoli 
dation  decreases  together  with  their  age,  their  textu 
passing  from  crystalline  through  the  several  graJfU 
tions  of  sub-crystalline,  compact,  coarse,  and  lastl; 
earthy ;  while  in  this  formation,  even  where  it  resi 
on  chalk,  the  crystalline  texture  of  the  oldest  roc 

equently  recurs. 

3.  Whin  dykes,  which  are  indisputably  connect 
[with  this  formation,  difler  from  all  other  miner 
veins,  in  the  circumstance  of  their  traversing  all 
irocks  indifferently  ;  while  of  other  veins,  particu 
classes  are  exclusively  associated   witli   particubr 
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rocks.  Such  being  the  negative  evidence  against 
the  Neptunian  liypothesis,  I  proceed  to  that  which 
is  positive  in  favour  of  the  Volcanists  ;  as, 

1.  The  identity  of  cheuncal  composition  in  basalt 
and  lava. 

Q,  The  constant  occurrence  of  trap  rocks  in 
volcanic  districts. 

3.  The  confession  of  the  Wernerians  themselves, 
that  the  basalt  of  Auvergne  is  of  igneous  origin. 

4.  The  testimony  of  those  best  acquainted  with 
districts  still  exhibitinc;  active-  volcanoes.  Such 
persons  as  Doloniieu  and  Spallanzani,have  uniformly 
maintained  the  igneous  origin  of  basalt,  while  those 
who  have  contended  against  it,  have  generally  been 
unacquainted  with  countries  of  this  description. 

Having  tliu.s  alluiled  to,  rather  ttiaii  state<l,  some  of  the  general 
Arguments  on  whicli  thi«4  (|U('.<itiou  appears  to  me  to  depend,  I 
Tetarn  to  Kenbaan,  where  the  basalt  is  seen  extending  from  heneath^ 
ma  well  as  orerlyiug,  the  gieat  mass  of  chalk,  wliicii  han  at  one 
extremity  atMumed  rucIi  a  CDivnlure  as  would  naturally  reHuIt  from 
lateral  pressure  ;  and  at  llie  other  is  rent,  and  shattered  in  the  most 
extraordinary  manner,  the  basaltic  matter  uiHinuating  itself  into  tlie 
6sRure8,  and  often  converting  by  ita  contact,  4'halk  into  granular 
marble,  while  fragments  of  the  chalk  of  all  sizes  appear  to  have 
beeu  forced  upwards,  antk  iniliedded  in  the  basaltic  rock,  having 
'Buffered  in  tlieir  superficial  parts,  where  Uie  baKatt  touches  them, 
a  must  remarkable  chimge. 

It  seems  impOHBJble  to  conceive  appearances  more  utterly  irre- 
concilable with  tlie  h^'pothesis,  tliat  the  basalt  was  deposited 
[regularly  above  the  chalk  from  a  state  of  aqueous  eoludon.  On 
the  other  liand  were  we  to  imagine,  a  priori^  the  phenomena  which 
would  probably  result  from  the  eruption  of  a  current  of  ignited 
lava  from  beneaili  the  chalk*  and  its  subsequent  diffusion  over  t)ie 
upper  surface  of  the  chalk,  while  ihe  whole  was  fiuhmerged  beneath 
the  sea,  and  under  a  considerable  pressure,  tliey  would  exactly 
accord  with  those  which  may  actually  bi:  observed  at  Kenbaan. 

!2  H 
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To  the  sfttne  purpose  the  change  vflected  by  the  whin  tlykef  of 
ttiis  ditttric't  on  the  rucks  they  traverbe  might  be  cited.  Thus  n-p 
have  instances ; 

1.  Of  the  coDverHion  of  old  red  sandstone  into  bomstone. —  GtioL 
Trans.  voL  III.  p.  901. 

2.  Of  the  conversion  of  the  slate  clay  of  the  coal  meftsttren  tnlft 
flinty  niate,  and  of  the  reduction  of  the  coal  itself  to  cui<len.— * 
I  hid.  pp.  205,  206. 

3.  Probably  also  of  the  conversion  of  the  slate^clay  of  the  liat  I 
formation  into  flinty  wlate. — p.  2 IS. 

4.  Of  the  convention  of  chalk  in  several  places  into  gnuiiikr 
marble pp.  172,  173. 

Hence  if  it  be  alloifable  to  flpcrnlate  on  Ruhjects  so 
from  actual  observation,  I  would  infer  that  the  h}'pnthesia 
aacribes  the  formatioa  of  the  floetz  trap  rocks  to  aubmanof 
Tolcanocs,  which  were  active  at  a  very  remote  period  before  Ute 
seas  and  continents  bnd  a5sumed  their  pretient  relative  level,  is 
both  in  itself  more  consistent,  and  in  its  application  to  Uie  actual 
phenomena  more  sat ift factory  than  nny  other. 

It  is  evident  tliat  the  buHHltic  uibhh  of  Ulster  was  acranmlMvil 
antecedently  to  the  last  great  convuUion  which  has  mndifiod  thti 
surface  of  our  globe,  excavating  its  valley!;,  and  constitutxjig  iM 
alluvial  deposit^.— .Geo/.  Trans,  vol*  lILp,  208. 

Professor  Buckland  in  liis  general  outlines  ol  tliej 
structure  of  the  Alps,  informs  us  that  there  are  DO, 
traces  whatever  either  of  trap  rocks,  or  whin  dykes,j 
in  the  Alps  of  Savoy,  Switzerland,  or  Tyrol,  along] 
the  entire  north  side  of  the  great  primitive  ridj 
from  Mont  Blanc  to  Presburg.  But  on  tlie  soul 
side  of  it  in  Tyrol,  tliey  occur  in  considerable  fc 
at  the  Val  di  Fassa  on  the  east  of  Botzen,  under] 
circumstances  of  singular  resemblance  to  the  trap! 
rocks  and  whin  dykes  of  Scotland,  and  tlic  north 
Ireland. — Seepage  l.^il. 

An  excellent  mincralo^cal  account  of  this  district 
has  been  given  by   Professor    Brocchi   of  Milan. 
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The  trap  protrudes  itself  througli  primitive  rocks, 
new  red  sandstone,  and  Alpine  limestones,  botli  in 
the  form  of  small  dykes  and  irregular  masses;  the 
latter  swell  into  mountains  of  great  elevation  at  the 
upper  extremity  of  the  Val  di  Fassa,  above  Vigo ; 
and  in  the  Sieger  Alp  close  adjoining.  They  abound 
in  well  crystallized  minerals,  chiefly  of  the  zeolite 
family,  wliich  bear  a  strong  resemblance  to  those  of 
the  neighbourliood  of  Glasgow-  In  botli  countries 
also  the  rock  itself  comes  much  into  contact  with, 
and  cuts  through  strata  of  the  new  red  sandstone 
formation.  A  similar  mass  of  trap  occurs  also 
cutting  the  Alpine  limestone  of  Monte  Baldo  on 
the  Lago  di  ,Garda,  where  it  is  remarkable  for  con- 
staining  veins  and  nodules  of  the  green  earth  of 
Verona,  a  substance  wliich  probably  derives  its 
[colour,  if  not  origin,  from  the  decomposition  of 
►yroxcne  (augite). 

Not  far  south  from  Fassa  on  the  border  of  the 
plain  of  Lombardy,  is  a  still  more  extensive  forma- 
tion of  trap,  which  occupies  large  tracts  in  the 
/Viceutino,  tiie  Monti  Berici,  and  Euganean  hills. — 
See  page  95. 

In  these  districts,  basaltic  dykes  cut  through 

rocks  of  all  ages,  from  the  mica  slate  of  Recoaro  to 

Jie   calcaire  grassier   (crag  hmestone)  of  Monte 

Bolca,    and   the    Monti    Berici ;    and    amorphous 

lasses  of  trap  protrude  themselves  into  and  through 

.these  same  formations,  so  as  to  appear,  in  different 

joints,  lying  under,  over,  and  alternating  with  them 

all.     In  the  Euganean  hills,  the  trap  has  been  said 

to  contain  marine  shells ;  and  hence  an  argument 

has  been  taken   against  its   igneous  origin.     But 
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these  remains  occur  only  in  a  species  of  basaltic  tuflj 
or  regenerated  trap,  being  a  conglomerate  rock 
composed  of*  minute  fragments  oltrap,  mixed  vriih 
marine  shells  of  the  same  character  witli  those  that 
fill  tlie  strata  of  calcaire  grossier^  with  which  tliese 
trap  conglomerates  alternate.  Similar  shells  are 
found  on  the  south  of  Turin  at  the  base  of  the  Sub- 
Appenines  in  a  breccia  composed  of  fragments  of 
seq)entine  ;  and  in  Hungary  also  in  an  analogous 
breccia  composed  of  fragments  of  volcanic  rocks. 

Although  no  trap  rocLs  occur  between  the  cen- 
tral Alpine  ridge,  and  the  great  valley  of  the 
Danube,  yet  small  portions  appear  on  die  north  i 
border  of  this  valley  at  Hoent  Wyl,  near  SchafF- 
hausen,  and  again  at  Urach  in  the  Rauche  Alp  on 
the  north-west  of  Ulm.  Their  extent  farther  north 
in  Saxony  and  Bohemia,  is  too  notorious  to  retpiire 
mention. 

The  following  remarks  on  the  igneous  origin  of 
trap  arc  by  Dr.  Boue.  * 

Tlie  appcamnce  of  porpliyripR  in  the  miildlo  of  the  Cfml  fomu* 
tioD,  is  particularly  inu>re8tin{^,  as  ttieir  urigiD  liere  liaabeen  tnurtfd. 
Near  Halle,  for  instance.  Home  porphyries  rise  into  beautiful  dome^ 
like  the  Pay  <le  Sarrony  in  Auver^e,  which  pass  through,  or  uadtfJ 
the  coal  formation,  while  othem  evidently  upread  over  tlie  soper-j 
jacent  sandstone.   In  the  neighboarhooil  of  the^e  protruding  maan 
great  disturbaTices  of  the  Rtmta  occur  with  alterationit  of  the  coaly 
Buhstance,  while  anomnlous  mineral  masaeit  appear  which  paaaenA-i 
tually  into  Rondtftone,  hut  are  so  unlike  it  at  first,aa  tobc  c&IIlhI  chiy* 
Btone-tnD'i  lydian  stoae^  jasper,  &c.    AbHOciateil  with  the  above  ara 
many  true  basalts. 

Tlio  Dr.  irivcs  ihe  following  characters,  as  distinctive  of  ign«oi«' 
rocks  ejectetl   nn<ler  water,  from  each  as  hare  flowed   id  the  opca 
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air.  The  submarine  laras,  at  least  those  of  posterior  (late  to  the 
chalk  formation,  (to  not  ri»e  into  no  lofty  hilla  as  those  which  were 
upheaved  into  the  atniusphere ;  a  iHtftueute  probably  due  tu  the 
incuai1>ent  weight  of  thi*  ocean.  The  f^ame  ])rL'Sisure  has  aluo  caused 
them  to  ramify  more  into  dykes  and  smalier  veins  ;  and  has  even 
flattened  the  interstitial  beds  of  basalt  into  a  tliliiner  couUc.  The 
eubaqoeous  traps  are  more  compact,  often  intermingled  with  basaltic 
tafafl,  an<l  hrecciaM  uf  a  kint!  uf  feUpar.  This  confftomerate  appear- 
ance is  hardly  ever  observed  in  the  atmoKpheric  lavas,  since  the 
solid  tufas  would  in  their  c-aso  be  discharged  from  the  open  volcano. 
The  vitreous  character  abuund«  nnuch  more  in  the  i^niigenous  rotka 
formed  in  air  than  in  wiUcr ;  ubilie  the  latter  contain  many  sub- 
stances  resalting  from  infiltration,  or  erpn  aubliraation,  which  the 
former  do  not  posse^ns.  iTngmentti  of  adjoining  strata  are  often 
found  imbedded  in  subsiiueous  lavas  ;  as  in  the  basaltic  cone  of 
Dosenberg,  near  Warburgli,  where  the  protrusive  rock  contains 
innmnenible  pieces  of  shell  limestone.  Occasiouany  masses  of  clay 
and  sandstone  are  entangled,  as  in  the  clinkstone  cone  near  Uanow 
on  the  bonters  of  Hungary  and  Moravia ;  or  indurated  like  the 
rock  of  Portrutth  near  the  Giant's  Causeway.  On  the  surface  of 
the  ground,  lavas  rarity  alter  the  contignous  rock?),  while  under 
aqueous  pressure,  they  generally  change,  harden,  or  penetrate  them. 

We  shiill  conclude  the  subject  of  erupted  rocks, 
with  the  following  observations  of  two  eminent  geo- 
logists. 

Mr.  de  la  Beche  in  his  paper  "  On  the  Geology 
of  Tor  and  Babbaconibe  Bays,  Devon,"  concludes 
that  the  appearances  of  the  coast  which  he  has  de- 
scribed, point  out  two  distinct  geological  epochs  : 
1st,  That  of  the  formation  of  the  new  red  conglo- 
merate,  after  the  limestone  and  shale  had  been 
partially  broken  up.  2dly,  The  intrusion  of  the 
trap,  at  a  period  subsequent  to  tlie  deposition  of  the 
conglomerate  and  new  red  sandstone.  And  besides 
attributing  tlie  disturbed  state  of  this  region  to  the 
operation  of  trap,  the  author  is  disposed  to  refer  to 
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the  same  period  and  agency,  the  great  dislocatiooa 
in  the  oolitic  series  on  the  east  of  the  tract  which  heJ 
has  described ;  and  to  connect  with  tlic  conxoilsiori' 
by   whicli  he  supposes  tliat   disturbance    to  havej 
been  produced,  the  greater  catastrophe  wliich  cle« 
vated  the  chalk  of  the  Isle  of  Wight, — and  even 
possibly  that  wliich  threw  up  the  main  ridge  of  the 
Alps.     To  the  west  of  Babbacombe  the  trap  is  pro* 
trudcd  upwards  into  the  overlying  argillaceous  slate 
of  the  carboniferous  limestone ;  the  adjacent  teds 
of  shale  being  broken,  much  contorted,  and  soom 
portions  of  them  even  included  in  the  mass  of  trap; 
while  the  limestone  in  the  upper  part  of  the  cliff  is 
also   much   dislocated.     In  the   inaccessible  clilS^ 
near  Oddicombe  sands,  the  trap  has  intruded  itsel 
among  the  limestone  and  shale,  the  beds  of  which' 
arc  much  altered  in   character,  and  so  broken  up] 
near  the  summit,  that  they  are  with  diHiculty  dis^j 
tinguished  from  eacli  other.     The  largest  raass  ol 

■ap  encloses  a  large  detached  portion  of  tlie  coi 
torted  limestone. 

Near  to  a  great  fault  at  Oddicombe   sands,  th( 
argillaceous  slate  is  elevated  to  the  top  of  the  cl 
and  the  adjoining  new  red  conglomerate  also 
as  if  forced  up  by  tlie  same  movement  which 
affected  the  slate. 

Proi'essor  Henslow  of  Cambridge,  has  recenl 
described  a  series  of  facts  observed  in  the  Isle 

nglesea,  which  prove   in  the   most   satisfactoi 
manner,  tlie  connexion  of  veins  of  trap  with  vci 
''high  temperature  ;  since  the  change  produced  upon 
the  strata,  through  which  the  substances  now  occu- 
pying the  veins  were  injected,  has  approachctl 
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nearly  to  Huidity,  as  to  admit  of  their  crystallization, 
in  forms  different  from  any  which  the  components 
of  the   rocks,  if  not  tims  acted  on,  would  have 

IaflTorded. 
In  Mr.  Murchison's  "  Supplementary  Remarks"* 
on  the  strata  of  the  oolitic  series,  and  the  rocks 
associated  with  them,  in  the  counties  of  Sutherland 
and  Ross,  and  in  tlie  Hebrides,  we  find  tltc  follow- 
ing testimony  to  the  eruptive  origin  of  granite.  In 
his  previous  memoirt  he  stated  that  wherever  the 
granite  rock  of  the  Ord  of  Caithness  comes  in  con- 

Itact  with  the  beds  of  tlic  oolitic  series,  the  latter 
are  compounded  into  a  remarkable  breccia ;  and 
his  subsequent  observations  have  not  only  fully 
confirmed  the  conclusion  which  he  drew  from  tliese 
phenomena  ;  viz.  **  that  the  granite  of  this  coast  tnust 
have  been  elevated  at  a  period  subsequent  to  the 
deposition  qfthe  oolitic  strata  ;**  but  has  also  leil  Pro- 
l^fessor  Sedgwick,  as  well  as  himself,  to  the  convic- 
tion, that  it  has  been  upheaved  in  a  solid  form,  and 
that  in  breaking  through  these  submarine  deposits 

I  which  might  not  perhaps  have  been  originally  in 
contact,  it  has  so  fractured  and  dislocated  tlieir  beds 
as  to  have  prepared  them  for  reconsolidation  in  the 
state  of  a  brecciated  rock.  Hence  we  might  expect, 

hthat  where  the  granite  disappears,  a  more  full 
development  of  the  secondary  oolitic  strata  would 
take  place,  which  actually  happens  in  tliis  district. 

The  gneiss  of  the  remarkablp  rocky  ridges  called  tlie  Sutors  of 
Cromarty,  is  repeatedly  traversed  by  large  and  snmll  vhius  of  true 
graait«.     It  is  now  pretty  generally  admitted  that  tbf  grauite  must 
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!iave   been  in  a  fluid  state  at  the  period  when  ihene  Ytm  h 
from  its  mass.     But  tbe  granite  wbicli  haa  upheaved  and  fracti 
the  beds  of  tbe  oolitic  serieH  in  Sutherland^  could  nut  have  been 
a  fluiil  Btate,  since  it  baa  neither  penetrated  nor  overflowed  tbe 
tig:uou8  inasHet)  of  solid  breccia.     In  such  situationti  therefore  thf  j 
di«(turhing  rock  waa*  at  tho  period  of  ita  elevation^  most  probiUf 
in  a  compact  and  crystalline  form;  so  tlmt,  when  forced  up  ag»nst  llttj 
overlying  strata,  it  muHt  liave  fractured  the  Bandatone,  limeatone,  and 
shale,  thus  preparing  tlte  materials  which  when  rc-cemented  (under 
the  ocean)  formed  tbe  lircccia  above  described.     But  we  have  addi* 
tional  evidence  of  the  elevation  of  tbe   granite  en  masse  upon  thia 
N.E.  coast  of  .Sutlierland,  where  it  has  not  only  brecciated  the  bedt 
iDf  tbe  oolitic  series,  but  has  aUn  thrown  up  tbe  red  coaglomemtj 
|to  the   Kummits  of  many  of  tlie  mountains,  whose  bases  ooiuui| 
^tber  of  granite  or  of  gneiss  charged  with   granitic  veins.     Thf 
the   old   red    conglomerate  (ttandsttnie)  which  wben  undistnrlie^i 
passes  beneatli  tbe  oolitic  series^  and  its  coal-field  of  Brora,  preaenii 
such  an  anomalous  appearance  as,  without  explanation,  might  lr«4 
tbe  Buppositioo  of  its  being  an  overlying  deposit. 

If  an  adequate  cause  be  required  to  explain  tlitfj 
'eat  upheaving  of  the  granite  upon  this  coast,  mayl 
^e  not  seek  for  it  in  some  deeply  seated  volcanic 

[•agency,  struggling  in  vain  to  expand  its  forces  froiri| 
beneath  tlie  vast  mass  of  primary  rocks,  of  whidt 

'the  mountains  in  the  north-eastern  Higiilands  arej 
composed?     No  trap  is  here  associated  with  these 
rocks,  yet  eruptive  trap  or  pori>hyry  may  have  actt 
beneath  the  base  of  the  primary  mountains,  witlioi 
breaking  its  way  through  the  superincumbent  mass; 
so  as  to  appear  on  their  surface.  On  the  other  hand, 

rtrap  is  developed  to  a  prodigious  extent  among  the] 
secondart/  formations  in  the  Hebrides,  as  also  among 
the  coal-sandstones   in    the   South   of    Scotland; 
whence  it  may  be  presumed  that  these  latter  depo- 
sits,  owing  to  their  texture  and  extent,  were  more 
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easily  traversed,  altered,  and  even  obliterated  by 
i:fgneous  agency  of  which  they  afford  so  many  indi- 
•Cations.  I  regret  that  my  limits  will  Jiot  permit  me 
to  enter  more  at  large  into  Mr,  Murchison's  excel- 
Jent  views  on  geological  catastrophe. 


f-  CHAP.  III.— THE  CONSTITUTION  OF  THE  PRIMEVAL 

WORLD, 

AND  THE  HE^'OLUTIONS  "WHICH  IT  UNDERWENT,  DEDCCEU  FROM 
GKOLOGICAL  PHENOMENA,  ON  PUYlUCAL  PKINCIPLESi 

From   the    evidence   advanced  in   the   preceding 

I  (Chapter  it  incontcstibly  follows,  that  avast  magazine 
of  fire  and  explosion  lies  immediately  within  the 
crust  of  our  sphere,  throughout  its  whole  terratjueous 
zones. 
B  The  subject  of  the  interior  temperature  of  the 
globe  has  been  lately  investigated  with  all  the 
resources  of  mathematical  analysis  by  M.  Fourier. 
He  considers  the  heat  distributed  within  the  earth 
ft'as  susceptible  of  three  distinct  movements. 

1.  The  rays  of  the  sun  penetrate  the  globe,  occa- 
_  sioning  diurnal  and  annual  variations  in  its  temper- 
Batures.     These  periodical  changes  cease  to  be  per- 
ceptible at  a  certain  distance  beneath  the  surface. 
B  JJeyond  that  depth,  and  even  to  the  greatest  acces- 
"  siblc  excavations,  the  temperature  due  to  the  sun, 
has  long  since  become  fixed  and  stationary.     The 
whole  quantity  of  solar  heat,  which  regulates  tlie 
periodical  variations,  oscillates  in  the  exterior  shell 
of  the  earth  j  descending  further  within  the  surface 
during  one  portion  of  the  year,  and  rising  up  to  be 
dissipated  into  space,  during  the  opposite  or  winter 
season. 
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2.  The  temperature  of  deep  excavations  constant 
[for  any  one  place,  varies  for  localities  more  or  lesifl 

distant  IVom  the  equator^  so  that  the  solar  heati 
penetrates  further  at  the  equinoctial  zones,  to  re*l 
ascend  and  be  dissipated  at  the  polar  regions.  ^ 

3.  We  must  however  consider  not  only  the  ex- 
ternal calorific  focus  of  heat,  but  also  the  action  of 
the  proper  or  intrinsic  heat  of  the  globe.  If,  as  _ 
the  experiments  about  to  be  related  seem  to  prove,  ■ 
the  temperature  of  the  deep  recesses  of  the  earth 
becomes  perceptibly  greater  in  proportion  as  wc 
recede  from  the  surfiice,  it  is  impossible  to  ascribe 
;tliis  increase  to  the  heat  of  the  sun.  It  can  proceed 
^only  from  a  primitive  heat  with  which  the  earthfl 

was  endued  at  its  origin,  and  which  may  diminislifl 
In  the  course  of  ages  with  greater  or  less  celerity 
by  dift'usion  from  the  surface. 

This  hypothesis  of  an  interior  central  heat  has 
been  revived  by  philosophers  from  time  to  tiine^ 
for  it  naturally  occurs  to  the  mind  as  the  true 
of  several  great  phenomena. 

ObsenstiioM  for  //«r  Tetttpcralure  t^  Uie  Earths 
In  the  mines  of  Giro-Magoy,  three  lea^eH  from  Befortv 
Gensanne  fountl ; 

Ai     333  feel Temp.  54i«  Fohr. 

680 62 

1016 661 

U29 73 

Iq  tbe  mines  of  Freyl>erg  M.  D'Aubuiason  fuoml, 
I  Exteni&l  air,         .         .         .         .  4P   luhj-. 

In  liie  galleries,  ,         .  50^ 

At    528  feci,  water  pool,  .         .  52^ 

858  ivater  of  a  spnnjr,         ,  57^ 

'«        At  Jtin^liohebtrke,  the  external  i)iermoinpl«r,  32* 
At  1040  feet  depth,  water  was  .  63"* 
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Observations  made  l>y  Captain  Lean  in  the  mines  of  CornwalL 


At  the  surface,  in  June, 

59'  Fahr. 

118  feet 

deep, 
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64)« 

480 
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840 
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to 

December 

W 

At  the  surface,     . 

, 

.     air, 

50° 

b-- 

120 

.     air, 

51° 
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600 

.    air. 

66» 

■ 

t         —• 

water, 

G^^ 

■ 

962 

.     air, 

70° 

■ 

„— 

water, 

74° 

■ 

1200 

.     air, 

78° 

■ 

*» 

water, 

78° 

Hrt 

.  n«mbol<Jt  obtaine<l 

analogoas  resnlts  in  tlie  mines  of 

Froy- 

Wrg 

ill  1791,  and 

subsequently 

in  ma 

iny  mines  in 

America. 

Several  persons  have  made  objections  to  the 
above  experiments  ;  ascribing  the  elevation  of  tem- 
perature to  the  presence  of  miners,  of  lamps,  &c. 
M.  Arago,  in  order  to  obviate  this  difficulty,  ex- 
amined the  water  of  an  Artesian  well  (a  sprinjr 
gushing  up  from  beneath  a  deep  mineral  stratum), 
and  lie  perceived  that  its  temperature  was  higher 
than  the  water  near  the  surface  of  the  earth.  Analo- 
gous experiments  have  been  continued,  at  the 
request  of  M.  Arago,  by  M.  Berges,  officer  of 
engineers,  which  lead  to  the  same  result.  This 
mode  of  observation  seems  free  from  every  fallacy. 

The  preceding  facts,  and  other  similar  ones, 
concur  to  show  that  the  increase  is  nearly  a  degree 
of  Fahrenheit  for  ()5  feet.  This  increase  will  not  be 
always  of  the  same  amount  as  at  the  present  day ;  it 
will  diminish  progressively,  but  a  great  many  ages 
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must  elapse  before  it  be  reduced  to  the  half  of  it 
actual  value.     The  extent  of  this  diffusion  of 
central    lieat  into   the  circumference,  and    of  \i 
waste  into  the  celestial   spaces,  will  tlierefore  be^ 
proportional  to  its  primitive  intensity,  and  to  the_ 
conducting  quality  of  the  investing  materials. 

If  we  apply  heat  to  the  flat  bottom  of  a  dee| 
vessel  (of  iron,  coj>per,  &c.),  wiiich  contains  severa 
alternate  layers  of  sand,  clay,  and  stony  slabs,  coih-l 
densed  as  in  the  supermedial  strata  of  England,  audi 
covered  with  water,  we  shall  wait  in  vain  for  any] 
distinct  manifestation,  at  the  top,  of  the  subjaceiil] 
fire.     In  fact,  the  lowest  layer  will  become  com-j 
^pacted  by  the  heat  into  a  schist  imper\'ious  to  liquidsi] 
so  that  the  incumbent  water  will  never  arrive 
the  calorific  source,  and  severed  by  bad  conduct- 
ing matters  can  never   grow   appreciably  warm. 
In  the  great  boilers  of  steam  engines,  many  result! 
■to  this  effect  daily  occur  which  form  sources 
very  serious  annoyance.     Wherever  the  waters 
supply  are   calcareous,  more   especially   selenitic^ 
they  let  fall  a  crust  of  gv^sum  on  the  bottoi 
'which  progressively  thickens,  so  as  to  intercept 
large  portion  of  the  subjacent  heat,  and  by  separatinj 
the  iron  from  the  water,  allows  the  metal  to  become 
ignited  and  to  burn  away.    Such  a  deposit  has  beci 
knov\^^  to  grow  several  inches  thick,  with  a  stony] 
luu-dness;  and  till  laboriously  chiselled  off^  it  hi 
rendered  the  vessel  quite  inoperative  for  raising  aj 
due  supply  of  steam. 

We  have  merely  to  compare  these  incontcstibli 
results  of  art,  to  the  kindred  phenomena  of  nature, 
to  recognise  not  .merely  the  analogy,  but  identity 
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of  operation  in   the  two  cases ;  for  difference  of 
magnitude^  constitutes  no  disparity  of  essence. 

In  the  early  epochas  of  the  antediluvian  world, 
soon  after  the  granitic  atlas  had  uplifted  the  pri- 
mitive mountains,  and  before  the  extensive  series  of 
mineral  beds,  which  occupy  our  second  book,  were 
deposited  beneath  the  ocean,  its  waters  resting  on 
the  nearly  concentric,  or  sliglidy  broken  zones  of 
gneiss  and  mica  slate,  necessarily  lay  in  closer 
proximity  with  the  interior  fires,  than  at  any  subse- 
quent period-  Hence  two  important  consequences ; 
1.  From  the  thinness  of  the  solid  crust,  the  smallest 
cliink  or  fissure  in  it,  would  be  an  innnediate  focus 
of  submarine  exjilosion,  accompanied  and  followed 
by  a  commensurate  comminution  and  dispersion  of 
tlie  solid  rocks  and  organic  deposits  througli  the 
lagitatcd  waters.  2.  The  ocean  would  then  attain 
its  maximum  temperatiu'e  ;  a  pitch  certainly  far 
higher  than  at  present,  yet  not  incompatible  with 
the  vita!  functions  of  fish,  many  of  which  accord- 
ing to  Humboldt  can  hve  in  water  almost  boiling 
hot.  Desfontaines  found  the  sparus  thriving  in 
tepid  fountains  of  10i;)°  Falir,  near  the  town  of  Cassa 
in  the  kingdom  of  Tunis. 

From  the  extreme  mobihty  of  its  molecules, 
water  is  the  jnost  expeditious  conveyer  of  heat 
from  below  upwards ;  while,  from  its  nori-conduct- 
ing  quality,  it  is  a  most  fliithful  carrier,  losing  none 
of  it  during  its  ascent.  Hence  any  degree  of 
warmth,  however  gentle,  imparted  to  the  bottom 
of  the  oceanic  mass,  will  be  transmitted  unijn- 
paired  io  the  surface.  And  again,  as  water  pos- 
sesses a  very  high  specific  heat,  one  four  times 
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greater  tlian  air  by  weight,  so  that  five  galloi 
of  water  in  cooling  only  one  degree  I'\  can  wai 
by  the  same  quantity  2()*50  cubic  teet  of  air,  bcinj 
tlie  contents  of  a  chamber  about  IG  feet  square 
10^  feet  high  ;  we  see  what  a  geuial  climate  wouli 
be  created  over  the  earth  from  pole  to  pole,  und< 
such  an  order  of  things.    Then  the  intrinsic  soun 
of  terrestrial  heat,  having  its  difl'usive  energy  bi 
•sliglitly  obstructed,  would  be  paramoimt  over  tl 
solar ;  so  that  the  position  of  the  sun,  relative 
the  equator,  would  act  a  very  subordinate  part  i] 
modifying  climate,  instead  of  being  it«  sovcreif,. 
arbiter,  as  at  the  present  day.     Plants  wliich  lo^ 
a  wann  but  humid  atmosphere,  like  the  equisetui 
ferns,  &c.  would  multiply  and  Nourish  under  such 
.cux'umstances   with    nearly   equal    xigour    in    tl 
Arctic  Regions,  as  under  the  Line.    Hence  also  tin 
diflerence   of  equatorial   and   polar   temperati 
would  be  at  first  comparatively  small,  so  that  a  coi 
siderable  uniformity  of  vegetation  would   perx-ad^ 
the  most  distant  zones.     We  need  not,  therefore, 
surprised  at  finding  tlie  same  Culamiies  or  gigantii 
equisetums  buried  among  the  coal-measures  of  N( 
Holland  (near  Port  Jackson),  and  of  England 
tliough  nowadays,  that  plants  are  sid)jijgated  to  tb 
undivided  empire  of  the  sun,  they  differ  in  s]>eciei 
with  very  moderate  variations  of  latitude ;    an( 

ith  every  change  of  hemisphere. 

The  first  age  of  the  world  tlien,  extending  prol 
ably  through  several    centuries,  fully  realized  tiie] 
universal  and  unfading  spring  of  the  poets.     Undef  I 
such  fostering  powers  of  vegetation,  tl\e  coal-mea* 
sure  ]ilants   were  matured,  in  countless  myriaiis 
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ith  a  rapidity  to  which  modern  experience  can  fur- 
ish  no  parallel.     But  the  tremendous  catastrophes 
f  tlie  crust  of  the  earth,  that  took  place  soon  after 
is  period,  of  which  the  dislocations  and  disrup- 
ions  of  the  coal-strata  themselves  exhibit  magnifi- 
cent memorials,  generated  a  vast  quantity  of  detri- 
tus from  tlie  older  rocks,   whicli  at  first  dittiised 
tlirough  a  turbid  ocean,  progressively  subsided  on 
its  bottom  in  the   chemical  order  of  deposition ; 
constituting  beds  of  conglomerate  limestone,  red 
gnarl,  ami  lias  ;  in  variable  projiortions  of  thickness 
and  extent  according  to  the  nature  of  the  exploded 
and  commhmted  rocks.     In  the  secondary  fonna- 
ions  of  Geology,  in  fact,  we  see  nothuig  but  a 
repetition  of  mineral  triads  ;  shells  more  or  less 
fractured,  covered  with  a  twofold  coat,  the  under- 
most of  sand  or  sandstone,  the  uppermost  of  clay 
more  or  less  indurated.  The  tepid  ocean-bed  vied  in 

fc  fecundity  with  the  glowing  soil  round  its  shores, 
and  thus  was  covered  with  a  thick  deposit  of  shell- 
fish and  their  exuviae*  At  each  rencounter  of  tlie 
water  tuid  subjacent  explosive  metals,  these  shells 
would  be  more  or  less  scattered  and  broken  down, 

K  and  when  tranqtiillity  returnetl,  covered  w^th  their 

■  siliceous  and  argillaceous  mantles. 

H      Tlie  conglomerate  limestone,  and  red  marl,  are 

preferred  by  geologists  (see  Conybeare  and  Phillips) 
to  the  detritus  of  tlie  primitive  and  transition 
rocks ;  deposits  just  posterior  to  the  coal  fonna- 
tion.  It  is  probable  that  the  submarine  disturb- 
ances  of  that  particular  age  were  unfavourable  to 
the  multiplication  of  mollusca.  But  a  period  of 
repose  seems  to  liave  followed  in  which  the  shells 
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of  tlie  lias  were  elaborated.     These,  with  a  lil 

alumina,  are  condensed  into  the  lithographic  stoi 

and  buried  under  a  loamy  compound  of  sand 

clay.     We  have  next  the  inferior  oolite  ;  merely 

congeries  of  pulverised  shells;  roofed  with  the  coi 

brash,  &c„  and  overiaid  with  tlie  Oxford  clay.  Th< 

we  come  to  the  Coral  Rag  teeming  witli  vestiges 

vitality ;  inhumed  also  beneath  its  sheet  of  Kii 

meridge  clay. 

When  we  arrive  at  the  Portland  strata,  we  mi 

consider  that  a  series  of  most  imperfect  conductoi 

of  caloric,  fully  hali'  a  mile  in  thickness,  had  be* 

by  this  time  interposed  between  the  bottom  watei 

of  the  sea,  and  the  deeper  primitive  or  transiti* 

crust,  on  which  they  originally  reposed.^ 

*  The  aggre^te  thiLkncbs  of  the  fiupermeUiiil  and  superior 
strata  of  England,  may  be  safely  estimated  at  about  a  mile.     Thv 
towing  table  is  compiled  from  authentic  docum^iU. 

Conglomerate  limestone  (Derbyshire),     ,         .         ,  300  FeeU 

Red  marl, 500 

Lias, 500 

Inferior  oolite,        . 400 

CombraKh  including  great  oolite,     ....  iSO 

Oxford  clay, 500 

Coral  rag, lAO 

Klmracridge  clay, 150 

2750 

Portland  beds, ISO 

Purbeckbeds, 250 

Iron  sand, ^OO 

,     Weald  day,   .         • 150 

Green  sand, 30  ? 

Chalk  mari, 300 

Cbalk, 800 

Plastic  clay, lou 

London  clay, •        .  200 

ToUl  thickness,         5800 
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The  climate  of  the  earth  sliould  therefore  indi- 
cate about  the  Porthind  era,  an  abatement  of  the 
hypertropicai  temperature  of  the  iirst  age.  "  The 
cycadcnoideae"  (fossil  plants  akin  to  the  cycas  family 
of  Malabar,  &c.)  "  says  the  Rev.  Dr.  Buckland,  ren- 
der it  probable  that  the  climate  of  these  regions,  at 
the  time  when  the  oohtes  were  deposited,  was  of 
the  same  warm  temj»erature  with  that  which  pro- 
duces a  large  proportion  of  the  existing  cycadeaj. 
M-  Adolphe  Brogniart  is  also  of  opinion  that  it 
exceeded  the  temperature  of  our  modern  tropics  at 
a  still  more  early  period,  when  it  maintained  the 
extraordinary  vegetation  of  the  great  coal  forma- 
tion ;  and  that  it  was  less  than  tropical,  though 
warmer  than  it  is  at  present,  in  the  period  to  which 
we  owe  our  tertiary  strata.  To  this  theory  I  see 
much  reason  to  incline,  and  confidently  look  forward 
to  its  future  development  in  the  examination  of  the 
Flora  of  the  fossil  xvorld,  which  he  is  now  so  actively 
conducting"  * 

Our  principles  lead  irresistibly  to  the  same  con- 
clusion, for  posterior  to  the  Portland  epocha,  suc- 
cessive submarine  catastroplies  of  greater  or  less 
extent,  caused  those  successive  disturbances  of  the 
waters,  from  which  the  superjacent  beds  of  the  iron 
sand,  Weald  clay,  &c.,  were  deposited  up  to  the 

I  am  well  aware  that  each  of  the  preceding  beds  does  not  always  lie 
with  all  itti  mass  directly  above  ihoac  which  precede  it  in  the  list;  but 
that  they  thin  ofl',  and  wear  out  iu  various  directions;  yet  still  the 
average  thickneiss  remains  substantially  correct,  in  conscfjuence  of 
mutual  compcnsuttons  among  the  different  fttrata.  The  argument  in  the 
text  depends  on  no  such  minutiae  of  mco^surcmcnt. — Sec  Conybeare  and 
PhiUipi  j>aum, 

•  Geol.  Trans.  2d  Series,  2d  vol.  p.  400. 
2  1 
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tertiary  fbrmations  j    tlie   freshwater   portions 
whicli  were  evidently  connected  with  the  copi 
emission  of  hot  springs.     The  temperature  of  Uj 
surface  in  these  high  hititudes  of  ours»  was  st 
genial,  though  reduced  by  the  progressive  opt'ratioft 
of  the  causes  already  named,  and  others  to  be  pnv 
sently  described.     Finally  tJie  great  turmoil  of  tJ: 
Noachian   deluge,  placed  tJie  terraqueous  equill 
brium  on  a  more  stable  basis  ;  inti'oducing  at  th 
ime  time  a  lower  hut  more  regular  and  settli 
acale  of  temperature. 

We  liavc  hitlierto  confined  our  views  to  tlie  pro-] 
gressive  uiterception  of  the  subjacent  heat  from  thd 
ocean,  and  thereby  from  the  surface  of  the  earth  ift: 
proportion  as  the  secondary  deposits  were  tliic 
eued  after  each  convulsive  cataj^trophe.  But  otlwf 
considerations  must  now  be  introduced.  \\ 
the  series  of  deposits,  impervious  to  water,*  w 
(CousoUdating  in  alternate  beds,  and  separating  the 
■ocean,  further  and  further  from  the  priniordi4 
envelope  of  the  interior  fires,  a  grciit  mechanical 
cliangewas  simultaneously  taking  place  on  tlie  ter- 
raqueous constitution,  whose  influence  in  refrigerat- 
ing  climate  merits  deliberate  research.  We  cannot 
however  consider  this  cliange  as  uniform  in  it^ 
inarch ;  but  as  advancing  by  successive  catastro- 
phes at  distant  intervals.  It  is  of  the  nature  ot 
volcanic  action  to  intermit  and  return  in  temporan' 
crises.!     Such  periods  of  violence  and  repose,  cor< 


*  See  piges  £02,  25^  £63,  £65,  270,  &c.,  for  notices  of  the 
itnto  in  England,  which  intercept  the  pcrcoUting  ¥rateri,  ami  throw 
the  springs  at  successive  levels. 

f  Volcanoes  do  not  lance  out  perpetual  fires,  nor  do  lavas  kl«i*i 
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respond  to,  and  arc  pictured  in,  tlic  alternate  strata 
of  rocky  detiitus,  and  of  organic  exuviiD,  which 
compose  the  masonry  of  secondary  formations. 

Each  crisis  of  chemical  deposit,  and  mechanical 
transformation,  would  occasion  a  sudden  and  very 
considerable  abatement  of  terrestrial  temperature. 
But  we  must  present  this  important  subject  in  a 
systematic  form. 

The  facts  related  in  the  preceding  chapters  of 
this  work  seem  fully  adequate  to  establish  the  four 
following  propositions  on  sure  grounds. 

1.  That  a  great  portion  of  the  present  dry  lands, 
more  particularly  the  secondary  strata  which  are 
replete  with  sea  shells  of  the  most  delicate  texture, 
distributed  entire  in  regular  beds,  have  lain  for  a 
long  period  at  the  bottom  of  the  primeval  ocean. 

^,  Tliat  within  the  schistose  crust  of  the  globe, 
explosive  materials  exist,  which  have  given  evidence 
of  their  convulsive  and  tUsruptive  powers  in  all  its 
terraqueous  regions  and  in  every  age  of  the  world 
from  the  protrusion  of  the  primordial  dry  land,  till 
the  present  day. 

3.  That  the  ocean  at  whose  bottom  many  of  our 
present  earthy  strata  were  deposited,  has  not  been 
lessened   by  dissipation   of  its  waters  into  celes- 

flow  from  them  ;  but  thoy  remain  for  many  centuries  inactive,  and  as  it 
were  a&lccp.  Vesuvius  had  lain  extinct  from  time  iittmemoriftl,  when 
starting  all  at  once  from  itit  long  lethargy,  it  suddenly  rekindled  itii  BreR, 
under  the  reign  of  Titus,  and  buried  the  cities  of  Pompeii,  Hcroilaneuin, 
and  Stobii,  under  its  ejected  products.  It  began  to  slumber  once  more 
at  the  end  of  the  15th  century ;  so  that  in  1030,  when  it  resumed  an 
active  state,  its  summit  woa  inhabited,  and  oovered  with  extensive 
I  fore!>t!i. — The  inhabitants  of  Catania  treated  as  fabulous  what  history 
rehited  of  the  eruptions  of  Etna,  when  their  city  was  ravaged,  and  par- 
tially dcatroyed  by  the  fire*  of  ihw  volcano.— J^MuAmimoii,  voL  /.  p.  163. 
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tial  space,  or  by  their  absorption  into  the  bowels  of 
the  earth. 

4.  That,  therefore,  its  channel  must  have  been 
changed  by  transference  of,  a  great  portion  at  least, 
of  its  waters  from  their  ancient  to  their  present 
basin  ;  an  eifect  referrible  to  volcanic  agency,  which 
has  operated  by  sinking  the  old  lands,  and  upheav- 
ing the  new. 

This  transflux  of  the  ocean  mass  could  not  be 
effected  unquestionably,  without  the  most  violent 
fractures  and  dislocations  of  the  terrestrial  crust, 
the  disorders  and  even  metamorphoses  of  the  earth's 
surface,  coincident  with  tliese  great  changes  of  the 
sea  channel,  geology  furnishes  innumerable  proo6y 
in  mountain,  valley,  and  plain.  Many  of  these] 
eruptive  phenomena,  indicate  a  succession  of  cata>-1 
trophes — an  alternation  of  marine  and  freshwaterl 
floods,  over  no  inconsiderable  districts  of  the  globe, 
at  a  period  anterior  to  the  penal  cataclysm  describ- 
ed by  Moses ;  the  last  and  greatest  of  that  convul- 
sive series.  This  flood  was  not  partial  like  it 
predecessors,  which  left  the  contemporaneous  bn 
of  animals  alive,  to  be  inhumed  in  the  superior 
beds  ;  it  was  manifestly  universal,  since  all  the  ani* 
mal  remains  buried  in  its  detritus,  belong  to  species 
now  extinct,  which,  however  closely  allied  to  our; 
existing  genera,  left  no  posterity  on  the  eartli.  Af 
we  rise  in  the  order  of  mineral  superposition,  or 
advance  in  geological  time,  we  perceive  a  progres- 
sive approximation  in  the  crasis,  so  to  speak,  as 
well  as  in  the  productions  of  the  earth,  to  its  modem 
condition  in  these  respects.  Thus  in  the  lias  and 
oolites,  even  up  to  the  chalk,  every  thing  organic 
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speaks  plainly  of  a  fervid  climate,  actuating  both 
the  land  and  waters,  of  these  high  latitudes  of  ours. 
But  the  tertiary  strata  of  England  and  France  bear 
record  to  a  marked  abatement  of  heat,  some  time 
prior  to  the  deluge.  The  organic  exuvite  which 
they  contain,  belong  to  a  genial  indeed,  but  not  a 
torrid  zone.  In  addition  to  the  results  of  the  suc- 
cessive interpositions  of  non-conducting  media, 
between  the  ocean  and  its  subjacent  fires,  in  low- 
ering the  surface  temperature  of  the  globe,  we  must 
take  the  following  phenomena  into  account.  By 
each  series  of  explosive  dislocations  of  the  terrestrial 
crust,  the  area  of  the  "  land  standing  out  of  tlie 
water"  would  be  abridged,  that  of  the  sea  would 
be  amplified*  with  a  proportionate  diminution  of  its 
depth ;  or  in  other  words,  the  cooling  surface 
would  be  augmented,  at  the  expense  of  the  heating 
surface,  while  the  ocean  would  come  to  repose  as 
we  have  seen  on  a  cooler  bed,  because  more  distant 
from  tlie  central  heat  of  the  earth.  These  proposi- 
tions  we  shall  endeavour  to  place  in  a  clear  and 
certain  light  by  an  ample  induction  of  facts. 

In  a  revolving  terraqueous  sphere,  deviating 
from  the  equilibrium  form  of  rotation,  by  its  ele- 
vated lands  and  deep  ocean  beds,  at  every  consid- 
erable disruption  and  comminution  of  its  surface, 
the  gravitating  powers  will  become  eiFective  on  the 
shattered  shell,  and  arrange  its  fragments,  so  as  to 
make  the  crust  approximate  more  nearly  to  the 
geometrical  spheroid.  The  mountain  and  table- 
land masses  will  thus  be  strewn  over  the  concave 
bottom  of  the  seas,  and  cause  anew  distribution  of 
the  waters  round  the  sphere ;  in  which  the  area  of 
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the  dry  land  will  be  diminished  proportionally  to 
the  extent  and  duration  of  the  disruptions. 

Supposing  the  earthquakes  and  consequent  com- 
minution of  the  shell,  not  partial  and  successive, 
but  universal  and  synchronous,  then  the  whole  cruse 
of  the  earth  having  its  cohesion  destroyed,  for  a 
season,  would  forthwith  obey  the  gravitating  forces 
on  a  revolving  sphere,  would  assume  the  spheroidal 
ftgure  of  rotation,  and  remain  universally  circuro- 
fused  with  water,  as  under  the  primordial  abyss. 
But  a  partial  and  successive  scries  of  disruptions  of 
the  crust,  will  cause  only  a  partial  approximation 
to  that  ultimate  figure,  accompanied  with  a  tran- 
sient deluge  of  greater  or  less  extent  over  the 
surface.  When  the  explosive  commotions  cease, 
the  ocean  undulations  will  subside,  the  sea  will 
flow  back  into  larger  but  shallower  basins^  and  the 
dry  land  will  again  appear,  fuirowed,  and  strewed 
over  with  the  detritus  of  the  storm.  This  view  c£ 
a  dihivial  transition,  in  my  apprehension,  can  hardly 
be  deemed  hypothetical,  resting  as  it  does  on  the 
joint  bases  of  geological  facts  and  physical  laws. 

The  change  in  the  globular  figure,  and  terra- 
queous  distribution,  resulthig  from  the  fractured 
strata,  may  be  illustrated  by  a  simple  experiment 
If  we  hold  a  powerful  magnet,  a  little  way  aliove  a 
surface  of  iron  tilings,  strewed  upon  a  table,  no 
change  will  ensue,  because  the  friction  between  the 
solid  plane,  and  the  particles,  is  equivalent  to  a 
cohesive  force,  and  prevents  them  from  obeying 
the  magnetical  attraction.  But  if  we  momentaxilf 
suspend  the  counteracting  force  of  friction  by  fl 
causing  the  table  to  vibrate  with  successive  blows. 
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then  the  magnetical  attraction  will  become  effective, 
and  the  iron  filings  will  arrange  themselves  in 
beautiful  curves,  accordant  with  the  known  laws  of 
magnetism.  Jn  like  manner  the  partial  disruptions 
and  tremors  of  the  terrestrial  strata,  dunng  its 
transition  diluvial  state,  would  permit  a  corre* 
spending  portion  of  its  shattered  surface  to  arrange 
itse]t\  conformably  to  the  centripetal  and  centrifugal 
powers  under  which  it  revolves,  and  cause  a  partial 
approximation  in  its  figure,  to  the  oblate  spheroid 
of  rotation. 

Indeed,  without  reference  to  any  refined  physical 
Jaw,  every  one  will  sec  how  in  a  bouldversement  of 
moimtain  land,  standing  out  of  water,  the  debris 
would  be  distributed  over  the  bottom,  so  as  to  spread 
the  waters  more  widely.  In  considering  the  causes 
of  these  mighty  revolutions,  which  have  subverted 
the  outer  frame  work  of  the  ancient  world,  and 
which  seem  to  have  occasioned  many  unrecorded 
inundations,  before  the  universal  deluge,  we  must 
be  careful  to  distinguisli  between  the  effect  of  a 
moderate  expansive  force  acting  within  the  crust  of 
tlie  earth,  and  that  of  a  very  great  one  ;  the  former, 
like  the  late  earthquakes  in  Chili  to  be  presently 
described,  suflicing  merely  to  raise  in  an  unbroken 
plain  a  large  tract  of  laud,  while  the  latter  would 
shatter  the  shell  into  fragments,  and  lay  them  pros- 
trate under  the  eqiiihbrating  powers  of  gravitation 
in  a  revolving  sphere.  Thus  to  compare  great 
tfiings  with  small,  a  moderate  blast  of  gunpowder, 
under  a  stratum  of  freestone,  in  a  clifti  will  be 
8<lequate  merely  to  lift  it  along  with  its  sui)erjacent 
soil  ;  but  a  greater   explosion  will  break   it  into 
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pieces,  and  strew  the  detritus  over  the  surrounding 
planes  and  hollows.  A  few  masses  may,  no  doubt, 
be  tossed  up  to  great  hciglits;  but  the  general 
effect  will  be  a  levelling  one  ;  as  is  amply  illustrated 
in  the  mining  operations  of  a  siege,  where  the  mas- 
sive ramparts  of  masonry  are  scattered  along  the 
bottom  of  the  fosse,  We  have  therefore  every 
physical  reason  to  conclude  that  each  great  ante- 
diluvian convulsion  of  the  earth  extended  the 
empire  of  the  sea,  and  abridged  the  boundaries  of 
the  land  by  a  permanent  submersion  of  some  of  its 
regions  ;  mechanical  effects  involving  commensurate 
physical  changes  of  climate;  1.  by  the  thickening 
deposits  of  the  ocean  ;  2.  by  the  increase  of  the 
cooling  or  aqueous  surface  of  tlie  globe ;  and  3. 
by  the  decrease  of  the  heating  or  terrene,  as  will  be 
fully  developed  in  tieating  of  the  deluge  in  die 
fifth  chapter. 

We  shall  now  present  a  somewhat  detailed  viewr 
of  the  facts  illustrative  of  the  constitution  of  the 
antediluvian  world,  as  an  abode  of  vegetable  and 
animal  beings;  or  the  physical  records  of  liie  high 
temperature  which  anciently  prevailed  j  and 
which,  at  the  different  crises  of  its  scale,  different 
genera  and  species  of  organic  forms  are  seen  to 
correspond. 

M.  Adolphe  Brogniart,  in  his  treatise  on  the 
classification  and  distribution  of  fossil  plants,  comes 
to  the  following  geological  conclusions.  1.  Thai 
in  the  formations  of  coal  and  anthracite,  the  vege» 
tables  are  almost  all  cryptogamia  of  the  roonoco^* 
iedinous  tribe,  such  as  filices  (ferns),  equisetuios, 
Jycopodiums,  marsilea,  &c.,  but  the  former  three 
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families  included  arborescent  species,  which  no 
longer  exist,  except  in  the  first.  He  therefore 
doubts  tlje  presence  of  pahns  in  these  strata.  2. 
That  few  vegetable  remains  are  to  be  found  in  the 
great  interval  which  separates  these  beds  from  the 
upper  deposits,  and  that  those  which  do  occur 
belong  almost  who! fy  to  marine  plants,  or  to  dicoty- 
ledinous  trees,  whicli  appear  to  have  been  trans- 
ported tliither  by  ininulations.  3*  That  in  the 
higher  strata,  a  great  variety  of  fossil  vegetables 
exist,  which  for  the  most  part  appear  to  belong  to 
similar  kinds  of  plants,  if  not  in  species,  at  least  in 
genera,  to  vegetables  which  still  inhabit  the  hottest 
regions  of  the  earth,  nor  is  it  probable  that  they 
have  been  transported  to  our  colder  ones,  since  there 
are  sometimes  found,  as  in  the  lignite  of  Cologne, 
trunks  of  palm  trees  in  a  vertical  position. 

Hitherto  the  chalk,  and  the  calcareous  Jura  for- 
mations, have  not  afforded  any  determinable  fossil 
plant.  A  lycopodite  has  been  found  in  oolite  near 
Oxford ;  but  in  the  Alpine  limestone  we  liave  the 
wood  of  dicotylcdinous  trees,  converted  into  lig- 
nite. In  the  copper  mines  of  Ecaterinbonrg,  which 
» correspond  in  locality  to  the  coal  fomiation,  there 
occur  very  curious  specimens  of  the  fossil  stems 
of  calamitcs  and  stigmaria,  enveloped  in  carbonate 
of  copper. 
JV  Vegetable  impressions  from  the  coal  strata  of 
North  America,  New  Holland  (Port  Jackson),  and 
various  places  in  Europe,  show  an  analogy  between 
the  plants  of  all  the  coal  measures,  whatever  dis- 
tances may  exist  between  them  in  the  present  globe. 
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The  figure  on  the 
marjrin,  exhibits  »* 
fasfiil  impression  of » 
species  of  polypo- 
dinm  in  slate  day:] 
(shale)from  the  coal-j 
nicasincj*  erf' 
shire ;  considerei 
Sir  James  Ed^-ard 
Smith  to  be  the  pro-] 
duction  of  a  tropical 
climate. 

"  Thus,"  in  a  recent  work  of  M.  Adoipbe 
Brogniart,  he  says,  "  every  fact  observed  since  the 
publication  of  my  first  essay,  on  the  cjassificatkm^ 
of  fossil  vegetables,  appc;irs  to  me  to  confirm 
opinion  that  I  then  threw  out,  of  the  analogy 
the  Calamites  and  Equis^tums,  an  analogy  siiK 
recognised  by  Sternberg  and  Bischof.  The  geol* 
gical  distribution  of  tlie  species  of  this  family  obvi' 
ously  presents  a  successive  suite  of  characters,  from 
those  belonging  to  the  species  found  in  the  more 
ancient  formations  to  those  belonging  to  our  exist- 
ing species." 

In  the  coal-measures  and  beds  of  anthracite 
the  Alps,  the  Vosges,  Nortli  America*  and 
India,  we  find  everj^'here  true  calamites,  display^ 
ing  all  the  cliaracters  which  distinguish  U^ 
Equisetums,  and  remarkable  for  their  great 
In  ttie  more  recent  formations,  we  no  longer  oU" 
&er\-e  these  calamites,  but  genuine  eqiiiMttmi^ 
presenting  every  character  of  this  family.     The 
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most  ancient  species,  however,  which  occurs  in- 
great  abundance  and  in  very  good  condition  in  the 
sandstone  accompanying  the  Hgnites  on  the  coast 
of  Yorkshire,  near  Wliitby  (in  a  formation  equiva- 
lent to  the  lower  beds  of  oolite),  differs  from  all  our 
living  equisetums,  in  having  a  far  taller  and  thicker 
stem,  and  possessing  several  other  chxiractcrsof  less 
consequence,  which  give  it  a  peculiar  aspect  It 
is,  however,  merely  a  gigantic  equisetum. 

In  the  tertiary  formations,  on  the  contrary,  the 
traces  which  have  been  discovered  of  this  genus, 
indicate  pLints  similar  in  almost  every  respect,  to 
those  now  growing  on  the  surface  of  the  earth. 

We  perceive,  then,  that  in  proportion  as  tlie 
fossils  of  this  family  belong  to  more  ancient  strata, 
tliey  recede  in  their  essential  characters,  irom  the 
living  vegetiiblcs  of  the  same  family  j  being  dis- 
tinguished also  by  size,  which  becomes  more  con- 
siderable as  tlie  epoch  of  their  interment  is  more 
remote. 

The  remarkable  development  of  these  vege- 
tables during  the  first  (or  coal-measure)  period  of 
vegetation,  and  their  size  m  the  second  (or  oolitic) 
period,  sniiiller  than  before,  but  still  far  greater  than 
our  existing  equisetums,  accord  with  many  other 
facts,  furnished  by  fossil  vegetables  of  other  fami- 
lies, to  lead  us  to  regard  the  climate  of  the  earth, 
at  these  remote  ej)ochas  to  have  been  hotter,  than 
the  hottest  of  modern  climates ;  for  we  have  al- 
ready remarket!  that  the  size  of  the  li\ing  equise- 
tums increases  progressively  frora  the  pole  to  tJie 
equator;  but  even  here,  never  approaches  the 
magnitude  of  several  species  of  calamites.      The 
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almost  constant  habitat  of  the  vegetables  of 
family  in    moist    and   boggy   places  (as    in 
mosses),  is  also  a  circumstance  which  ought  to 
particularly  borne  in  mind,  as  it  concurs  A^dth  manj 
others,  to  give  us  just  views  of  the  mode  of  foi 
tion  of  the  coal-mexsurcs. 

Finally  the  perpendicular  posture  of  the  trunl 
ot\he  Calami les  pachi/derma  in  the  coal-sandston< 
of  Saint  Etienne,  and  of  the  stems  of  Eguisetm 
columnare  in  the  strata  of  sandstone  above  the  In 
near  Whitby,  proves  that  all  these  vegetables, 
entirely  different  species,  lived,  though  at  very  dil 
ferent  eras,   in  the  same  spots  in  which  we  fii 
them  buried.     The  differences  which  we  obs< 
in  the  vegetation  of  the  earth  in  Europe,  at 
different  epochas,  cannot  therefore  be  ascribed  iai\ 
the  transport  of  these  vegetables  from  regions  more 
or  less  remote  from  that  which 
we  inhabit,* 

The   figure   in    the    tnargii 
represents  the  Calamites  called) 
approximaius  by  M.  A.  Brognvl 
ai't,  on  account  of  the  proximi^j 
of  its  articulations.     It  is  foui 
ii  in  coal-formations  as  at  Nei 
n^  castle,  in  the  mines  of  Alaii»] 
^  department  of  le  Gard,  and  iil| 
the  copper  mines  of  Ckateriofri 
Jj  bourg  in  Siberia.      Of  all  il)e 
plants  of  tliis  genus,  the  preseut 
Anwterti.  is  certainly  the  most  distinct. 
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cognised  by  every  author  on  vegetable  fossils.* 
The  conrtiience  of  the  ribs,  or  vertical  lines,  is  well 
shown  about  the  micUlle  of  the  figure;  as  also  the 
convex  edges  of  the  deep  furrows,  which  tliey  form. 

To  Dr.  Martius,  however,  the  learned  Botanical 
traveller  in  Brazil,  we  owe  the  most  detailed  infor- 
mation concerning  the  tropical  habitudes  of  the 
plants  which  now  lie  buried  in  the  coal  basins  of 
these  northern  countries.  After  making  a  skilful 
comparison  of  these  fossils  with  Brazilian  vegeta- 
bles, he  has  arrived  at  very  definite  results.  We 
may  see  the  ty])e  of  some  vegetable  remains  in 
plants  which  still  inhabit  the  same  localities  j  but 
these  types  for  the  most  part,  are  found  only  in 
countries  much  hotter  than  where  their  congenera 
lie  buried  ;  showing  that  the  temperature  has  been  far 
higher  in  our  latitudes  in  former  times.  It  was  with 
the  express  view  of  clearing  up  this  obscure  depart- 
ment of  Natural  Science,  that  Dr.  Martius  directed 
his  attention,  in  his  recent  journey  through  Brazil, 
towards  the  investigation  of  those  forms  of  plants 
which  might  be  considered  as  prototypes  of  the 
antediluvian  vegetables,  discovered  in  our  own 
countries;  and  he  has  unquestionably  thrown  new 
light  on  the  nature  of  many  fossilized  plants. 

The  tree-ferns  which  constitute  so  hoantiful  a  featare  of  the 
tropical  regions,  exhibit  several  characters  by  which  they  may  be 
compared  witli  the  ancient  plautH  dujf  up  from  our  coal  mines. 
When  Dr.  Martius  saw  the  first  Hpecimens  of  Poit//tofiiiun  corcor- 

•  M.  Brogniart  describes  it  as  follows:— Cnlomites  cortice  crasB&f 
artlculationibus  approximatis,  costisque  extemc  vix  ac  nc  vix  quictem 
diatinctis.  ArUciilationes,  in  caudicibus  decorticutis,  profunde  notatse, 
contract.T ;  coatsc  convexce,  sacpe  confluentes  sulcis  profundiit  distinctic ; 
tuheraiH  nulJi. 
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txdensef  so  remarkable  for  the  teenelatetl  Hariiu:e  of  its 
Vas   Htrnck  not  only  with  the   oovehy  of  the  circa mstancr, 
liauiediatoly  called  to  mind   the  figures  of  certain    petrified 
de-Hcrihed  by  Sternberg,  under   the  name  of  I^'pitloefew/ron 
compnrinif  which,  after  he  relumed,  with  the  fllema  of  eight 
rej^cent  speciefl  collected  in  his  jonniey,  he  found   tb^m  c<ii 
by  so  intimate  an  affinity,  that  lie  could  entertain   no  doubia 
their  generic  identity,  and  woh  cnnvinctMl  in  fact  tltat  their 
TBctera  were  perfectly  acconlant. 

lu   their  mode   of  growth   the   tree   ferns  are    very  siinitar 
pal  ma,   the  evergreen  stem  of  which  thrown  oft'  the  fronds,  whi 
ftre  inserted  into  the  bark,  in  the  Apace  of  about  three  yean^ 
is  then  marked  wiib  transvorae  rings,   from  the  insertion  of 
hoHe  of  the  petiole  ;  they  differ  however  from  palnu  in  this 
that  as  tlie  base  of  the  petiols  ia  not  amplexicaul  (embraciBg  Uvj 
stem),  the  frondn  on  falling  do  not  leave  annular  cicatrioea,  bat  tfj 
various  forms  according  to  the  base  of  the  stipes. 

It  is  properly  remarked  by  Rhode,  in  his  treatiiie  on  the  utf<fi>^i 
hivian  genera  of  plants,  that  they  occur  in  our  coal  mines  in  foV 
ditfereut  conditiona.     Some  couM^t  of  vegetaltleit   cou^-erted  inl#j 
carbonaceoua  clayj  and  still  invented  witli  their  bark  reduced  Itj 
the  state  of  charcoal ;   others  exhibit  impressions  'of   the 
plant,    with   the   surface   entire,    upon   clay,  slate,   or 
others  ore  derortiratcd  Tegetables  themselves  ;  and    lastly  othen] 
arc  impreafiions  of  these  decorticated  plants.      Before  coming 
any  conclu-^ion  therefore  with  regiu-U  to  a  petrified  fern,  in 
to  determine  to  what  sort  of  cast  or  petrifaction  the   «| 
under  examination  is  to  be  referred,  it  is  necessary  for  tJjis 
that  the  cJiaracters  which  we  derive  from  tlie  entire  sperimen 
and  not  from  its  impression,   be  properly  understood,  and 
applied. 

The  FiliciUs  qtutrlrangulattis^  called  pahnaciies 
by  Schlotheim,  PI.  18.  fig.  1,  occurs  in  the  older  coal  fonnatioB, 
the  coal  mines  of  Opperoda  in  the  dukedom   of   Anhalt,  and 
Manebach   in   the  duke<lom  of  Gothe.     It  corresponds  with 
Btrm  of  Poli/pofiitim  corcoradeiisc  fijrured  by  Nau,  pi.  3. 

Althongh  we  can  say  nothing  with  certainty  as  to  the  nnilibtr  iC, 
species  which  may  have  existed  of  the  different  genera  of  feniii* 
are  yet  antliorised  by  many  circumstances  to  infer  that  the 
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foresla  of  iIib  priiuitiro  world,  afWnrarUv  tlcstroyetl  by  viirious 
caia-iCropiiL'fl  aiiil  reduced  to  coal,  (mve  btt^ii  very  abundantly  Ktocked 
with  femti.  Nor  is  the  liypotliests  founded  upon  Iqhm  }H»\verful  and 
plautfible  Hrgunienl»  wliich  lankjs  tbe  genera  of  tlus  order  of  plantH 
as  amono;  the  pre<lonuiumt  vegetation  of  tho«e  primeval  taudii,  since 
they  would  prepare  the  soil  for  the  growth  of  other  tribes  Rpring- 
ing  up  from  iheir  mould»  a  circuni»caiu-e  notieed  by  LtnnsRUH.  It 
is  not  meant  however  to  assert  tliat  those  priinitive  forests  csnsistcd 
chiefly  of  ferns ;  for  the  woods  of  the  equinoctial  regions,  which 
am  pre-eminently  rich  in  ferns,  consist  of  treea  much  more  robust 
than  the  ferns  wliioli  occupy  only  a  secondary  rank  in  tliem.  In 
tike  manner  we  learu  from  a  cuinpariMon  of  the  various  species  of 
fossil  plants,  that  in  tlie  antediluvian  woods,  the  fern  stonii^  were 
interspersed  with  n>uch  larger  trees,  anil  on  the  general  destruction 
of  the  forests,  liave  been  converted  together  with  various  kinds  of 
berbaoaous  plants,  into  coal,  now  constituting  thinner  strata  among 
the  carbonaceous  remains  of  otlier  trees.  Tims  it  is  asceiiained 
that  many  fossil  plaikts  described  by  authors  under  the  name  of 
Poacites  (Grast-stones)  belong  to  the  genus  Seleria ;  others  to 
other  genera  of  Gramioe<e  and  Scitamliieu.*,  occurring  iu  the  woods 

»M  tropical  countries. 
Almost  all  authors  agree  io  representing  the  family  of  palms 
•B  liaving  existeil  among  the  6r»t  vegetables,  and  as  being  fre- 
quently foaad  buried  along  with  tbe  other  fossil  remains.  Nor  is 
it  to  l>e  duubteil,  sa)'H  Martius,  tliat  their  remains,  vi/.  Uie  stems, 
^onds,  and  fruitH  ucx'ur  in  tbe  older  coal  lormation,  although  tliey 
are  much  less  frequent  than  is  commonly  believed,  the  arborescent 
ferns  having  been  frequently  taken  for  iliem.  A  fragment  of  stem 
represented  by  Count  Sternberg  PI,  5.  fig,  1,  exhibits  the  very 
peculiar  structure  of  palui  wood ;  and  the  frnita  depicted  there,  PI. 

»7.  fig.  \^i  seem  to  belong  to  a  species  of  cocos  or  areca,  shrubs  of 
topical  countries.  But  tliat  later  catastrophes  have  overwhelmed 
^eat   multitudes  of  palms,  is  proved  both   by  the  pctrifieil  woods, 

roccellaied  with  fasciculi  of  fibres,  and  very  easily  distingulHhable 
]by  tbem,  frequently  observed  in  the  Kast  Indies  and  i»  £iirope» 
and  which  Dr.  Martins  has  also  seen  in  Brazil:  An<l  by  the  various 
impressions  of  frunds  in  calcareous  schistus  found  inditTerent  places 
in  the  Tyrol,  the  south  of  France,  and  other  countries  in  tike  vicinity 
of  the  sea,  as  well  as  in  tlie  continent  of  Germany.     He  lias  in  his 
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collection  an  excellent  Rperimen  of  thU  period,  found   in  the 
atone  quarries  near  HerbipolJs,  being  a  piece  of  fiteru  nearly  a  U 
long,  marked  with  three  aonuti  pro<luced  by  the  fall  of  the  fro\ 
•nd  with  the  tuberrles  ariftin^  from  the  solution  of  the  fa«ricult 
,apiral  veesela.       The  ptilmticites  obsoUUts  of    Schlotheiui,  11. 

3.  and  palmacitcg  annulatus  of  the  same  author,  %.  6, 
in  many  of  their  characters  with   6tem^   \}{  palinfl,  and  the 
from  ita  nmbonate  impressions  arran^Ml  in  rows  alternating 
itrantfverse  striiK  or  annuli,  seema  to  belong  to  the  aculeate  pftli 

-  Various  genera  of  arborescent  grasses^  allied  to  Ha. 
liSeeni  to  have  hern  much  more  frequent  than  fmlmH  in  our 
'luviun  plains.     To  these  fossil  plants  the  older  writers  applied 

le  of  CalamiUs.    Dr.  Martins  calls  them  BambusU$M  or 
Samboos  i    now    referred  to    EquiNetums    by    M.    Ai 
►The  Caciphora:^  Drac<tna^  Pandant,  Vuccee  and  VeUosia^  constil 
another  tropical  series  allied  to   the  palms^  which  also  make  ihi 
appearance  among  our   primeval   plants.     The   marks   by  wlii 
Uiey  may  be  diKtingui8he<l,  are  chielly  connected  with  the  circi 
stance,  that  the  stems  are  invested  all  around  wiili  the   semi- 
plexicaul  liase  of  the  leaves  which    remains  after  the  upper 
have  fallen  oft',  and  hence  resemble  a  .surface  covered  with  tml 
cate   scales,  spirally  arranged   in    various   waj's,  ncconling  to 
various  disposition  of  the  leaves.     It  appears  that  the»«  acalcv 
imbricated  upwards  are  not  distinct  from  each  other  in  ilieir  i 
extent,  and  therefore  may  easily  be  distingui!*hed  from  the 
of  Filicites,  so  called.    Three  species  of  the  genus  Yuccilea  hare 
dug  up  from  the  coal  mines  of  St.  Imbert,  which  are  remarkable 

the  still  persistent  covering  of  scales   reduced  to   carbon. 

There  exist  in  our  cool  mines  sufficiently  numerous  examples  of  i 
fied  forms,  frequently  several  feet  long,  reniurknble  for  tubenrle* 
polygonal  impr«?s«iions  dintincl  from  each  other,  and  longitudi 
difl|Kifled  in  straight  lines,  separated  by  pArallel  grooves  or 
and  marked  with  a  simple  cicatrix  impresxed  in  the  speciinen  il 
upon  the  carbonaceous  bark,  but  elevated  in  the  imprcmion  or 
These  vegetables  belong  to  the  genua  of  Cocfi,  all  ahmba  of 
climates.     We  have  fur  instance  some  species,  says  Dr.  Mi 
such  as  Cactus  tctrarpnuSy  peutfigonu»i  anil  /texnffonuti  which  are 
nished  with  broad  and  plane  surfaces ;  others  as  CachtS  cyHt 
entirely  cylindrical,   and  furnif'hc*!   over  iheir  whole  sorfecv 
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jeticulate  fiuTowa,  among  which  tubercles  project;  ft«e  plate  VI* 
and  Hs  ejiplanation ;  others  as  Cactus  repandHS  whoae  obtose  and 
repond  Nurfaces  arc  much  approximated ;  and  htstly  others  such  as 
all  the  Opuatiae,  remarkable  for  their  compretsed  joints,  which  are 
pl&ae  or  sparsely  tuberculate.  The  ahore  different  forma  while 
Uw^y  lay  buried  among  rocks  and  shale,  hare  been  changed  in 
variou  ways*  A  great  many  luve  l>«ea  redaced  by  tlie  extreme 
preitaure  into  broad  flat  lamime  longitudinally  caualicnlate  or 
areolate;  a  few  Iiare  preserved  their  orbiculate  form  ;  their  dense 
and  desby  texture  having  prevented  tJie  filling  of  their  trunks  with 
loam,  and  tiieir  subsequent  Conversion  into  a  stony  substance,  aa 
we  observe  to  have  token  place  in  other  regetablcH,  and  especially 
the  orlmreacent  ferns.  For  which  reason,  it  would  seem  that  round 
petrifiecl  Cacti  have  l>eea  sometimes  taken  for  calamites.  With 
j-egard  to  the  surfm^e,  in  a  few  Hpecimi'us,  Uie  cortical  layer  itaelf 
rcmuns  reduced  to  the  8tate  of  coal ;  exhibiting  areolut  formed 
of  lanigerouR  tubercles^  such  as  we  see  in  PI.  9,  fig.  l.of  Sternberg; 
in  others  again,  and  thoee  the  more  numerous,  this  layer  is  loosened 
from  tlie  internal  ports  of  tlie  plant,  and  is  agglutinated  to  the 
slate-clay,  in  such  a  manner  tliat  its  internal  surface  comes  into 
view,  of  which  an  OLomplo  may  be  seen  la  Sternberg's  PI,  13.  fig. 
2;  in  others  again  tlie  intenial  Hubstance  itself  appears  converted 
into  stone,  and  dunuded  of  its  bark.  The  fourth  condition  in 
which  cactUea  occur  is  when  llie  impression  of  the  natoral  entire 
surface  has  been  left  upon  slate-clay  ;  and  the  fifth  when  the  sur- 
face, previously  deprived  of  tlie  cortical  layer,  has  been  impreased 
upon  clay  or  sand.  The  cactiies  gigantetts  found  in  the  quarries  at 
St.  Imbeti,  has  a  diamel^of  5  or  6  inches.  Dr.  Martius  describes 
oiiier  6  fossil  species,  of  which  the  lestelahu  belcmga  rather  be 
thinks  to  the  genu»  of  opuntia, 

A  geouH  of  fossils  desiTibed  by  Coant  Stembet^,  under  the 
name  of  Syringodcndronj  agrees  in  many  of  its  cbnrocifra  with 
the  CacH/eSj  nor  can  it  be  doubted  that  it  belongs  to  tlie  succulent 
or  ^  tribe  of  vegetables. 

There  is  a  very  remnrkable  fossil,  with  hranches  attenuated 
upwards,  and  having  the  whole  surface  covered  with  leaf  hearing 
ftcales,  arranged  in  an  imbricated  manner,  (like  slates  on  a  roof) 
ncitlker  refoniblo  to  the  fjenus  Yucca,  nor  to  that  of  Cactus,  to 
which  Sternberg  baa  given  the  name  of  Lepidodmdron  (bark  tiee) 
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divhotomum.     Dr.  Martius  is  of  opinion  thai  \\\\%  may  with 
prieiy  be  referred  to  a  new  genus  which  he  met  with  in    Bi 
The  fipUls  of  tlie  province  of  Minas  Oeraes^  at  a  hoighi  of 
feet  and  npwanla  ahore  the  lerel  of  the  «ea,  «jid  especttHy 
ilianiond   diMrict,  afford  a  genus  of  the  ordtr   Crmrpfmttt^ 
fcUied  to  the  Vernoniee  of  Linn^ns  and  the  PulUilesta  of  Hi 
>)dt,   wtiich   seem   to   correspond   in  every  character  witil 
?lrified  plant.     He  proposes  to  call  it  Lr/c/inojfhnra,     There 
[■several  fii>ocics  of  ihcni)  fortninj^  Rlimhs  ahont  the  lifisrlit  of  ■ 

Whoever  compares  the  6gnres  and  description  of  Lepidiximdt 
*dichofomnm  with  these  living  plants,  in  respect  to  hahit,  rvoifit^] 
F^ions,  and  the  tesselated  work  inveftting  the  trunk,  which  in 
fosml  plants  is  converted  into  charcoal,  will  be  convinced  by 
nuineroos  points  of  agreement,  of  the  existence  of  a  perfect  ideotil 
and  be  constraineil  to  join  in  the  opinion  of  Dr.  Martina. 
'^eMTibes  two  fosHtl  Lychnopliorites,  which  are  fooud  in 
WX  Sconia  and  Radnits  in  Bohemia. 

With  re^rd  to  this  plant,  as  well  a«  the  preceding  gewn, 
le»ervee  to  be  remarked,  that  like  fernn.  they  are  all 
'fuiTiifihed  with  a  tqneular  structure  of  organs  sabservient  to 
-tion,  and  highly  adapteil  for  inhfllintr  nutritious  jnicesa   fron 
atmosphere.     It  is  well   known  that  llie   CmVi.  as  well  i 
Buccutent  plants,  derive  their  nuuri.shment  more  from  their 
to  the  air  than  to  the  earth.     'Hie  Yuccie  an<l  Lychnophori 
rhooae  for  tlieir  habitation  a  dry  sandy  soil,  that  has 
little  preparation    from   the  decomposition   of  prenooaly 
vegetables,  were,  saya  the  Doctor,  peculiarly  adftpte<l  for  clacUa^ 
recently  formed  world,  much  warmer  than  the  prt'sent.     By 
plants,  vegetable  matter  would  rapidly  accuronlate  to  ilie  ei 
that  we  find  in  onr  coal  strata.     The  mixture  of  |daniA  wfakh 
onr  times  inliabit  only  dr)',  sandy,  or  rocky  exposed  pfauie% 
wliit^h  do  not  grow  in  the  midst  of  trees,  nor  even  thrive  in 
vicinity  along  with  genera  like  the  ferns,   whicii  love  dttBp 
shady  places,  merely  indicntos  what  the  be^lic  phenoi 
that    inundations   of  considerable  extent  were  from   time  to 
thrown  over  tlie  land,  whence  the  dry  and  moist  tribes  of  vi 
would  alternately  prevail  in  tho  same  district ;  besides  it  i» 
all   improbable   ''  that  thoue  planUt,  the    Cocfi,  Lyekttophoft  . 
which  we  still  find  occasionally  asaociateil  with  Agtxwr^  Hrome^* 


STERNBERG  ON  THE  PRIMEVAL  FLORA.    4 

and  arborescent  fems  in  the  tropical  regions,  being  extended  to  on 
enoriuoua  ma^itudc  by  a  vigorous  ve^etativH  power,  formed  vhhI 
umhnigennn  u-otidH,"  aiTurdiug  a  suitable  retreat  to  many  plauto  tlial 
love  manihy  and  ttbudy  aituatioos,  hucIi  aa  tbe  Scitaminea;  and 
rarious  tropical  genera  of  grasBes  and  fems. 

**  It  iH  only  necessary  to  obserre  that  these  petrified  vegetables 
have  undoubtedly  lived  in  tlie  same  coantries  in  which  they  arq 
now  founf!»  and  have  not  been  tmnfiport4?d  from  remote  places  by 
floods,  mid  buried  in  ruius  of  varioufi  kinds.  But  that  tliu»e  forma- 
tions  to  which  we  give  the  name  of  pit-roul,  have  derived  their 
ori^n  from  ages  mnrh  more  remote  than  those  in  which  llie  bedi 
of  brown-coal  (Lignite)  were  deposited,  is  aUo  proved  by  tliQ 
regetablea  which  occur  in  the  latter,  and  which  for  a  great  part 
ekbibit  leaves,  fruits,  and  woods,  of  modern  plants,  and  0.<ipecially 
nativ*  genera  of  the  north  of  Europe."* 

The  lignites  being,  from  their  geological  situation^ 
of  much  more  recent  production  than  the  proper 
coal  measures,  accord  perfectly  with  the  above 
observations.  They  occur  frequently  under  trap 
Tocks.  The  general  dehige  seems  therefore  to 
^have  been  preceded,  by  several  partial  inundations, 
betokening  to  man  the  great  catastrophe  about  to 
destroy  his  race.  These  floods  woidd  favour  the 
(growth  of  a  new  set  of  vegetables,  in  the  districts 
subject  to  trap  eruptions,  and  would  subsequently 
sweep  them  off  into  the  bed  of  the  adjoining  sea, 
whence  they  emerged  after  the  final  cataclysm. 

I  The  rclebrate<i  Cotmt  Sternberg,  author  of  tbe  Botanical  and 
Geognostical  Essay  on  the  Flora  of  tbe  Ancient  World,  a  nplendid 
work  on  AntedUuvian  plants,  says,  "  that  the  vegetation  Kuiiservient 
to  pit-coal,  consisted  of  several  i^pecies  of  large  trees,  of  which  I 
liave  in  my  collections  trunks  18  inciien  in  diameter.  These  trees 
geem  all  to  have  Ixi'longed  to  the  monocotyledinous  or  polycotyle- 
•dinoiu  famiiiefl.     They  are  palms,  bamboos,  &c.     The  vegetation 

*  Dr.  Marttus  on  Antediluvian  Plants;  Edin.  Phil.  Jouro.  vol.  XIL  . 
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khich  ^ve  birth  to  the  furmation  of  brown-coAl  Ae^ttis  to  bai 
bppn  that  of  a  prpai  continpnt;  it  is  iiIho  formrd  ttf  Urge 
irhoiie  tesiture  w  8tt]l  to  be  dUcern»?d  in  the  bro\ru  rcml ;  bi 
faitherto  I  h^rc  not  been  able  to  diarover,  riiber  p«trLfi^ 
or  impressions  of  bark  so  frequent  ih  the  mines  of  pit-c^ 
Scattered  leaves,  which  without  being  known  to  me,  appear 
Honbtedly  to  belong  to  dirotyledinoafl  nunilien,  an  all  that  I  hai 
bitherto  discorered. — Mcfnoirt*  de  M^seuM,  V.  163. 

If  wc  examine  the  fossilised  fruits  found  in  th< 
upper  strata  we  shall  see  that  several  of  them  evL 
dently  helong  to  the  same  family  of  palms  ;  butoni 
of  the  most  extraordinary  facts  connected  with 
subject  is,  that  none  of  these  fruits  appear  to  hai 
grown  on  the  palms  with  fan-shaped  leaves ;  bi 
on  the  contrary,  that  all  the  fruits  tJiat  have  beeirl 
correctly  delineated  by  authors,  se^ttt  inferrible  t^^j 
the  genera  with  pinnate  (feather-formed)  leaves. 

There  is  no  doubt,  however,  that  palms  with  fai 
ihaped  leaves  covered  Europe  with  their  lofty  v 
tation  at  this  remote  period,  in  regions  where  no] 
•i^ecies  of  these  plants  could  now  grow.  The. 
Opinion  of  some  writers  that  these  vegetables  mayj 
have  been  transported  from  remote  climates  ii 
Hie  places  where  they  are  actually  deposited,  ap*j 
pears  at  variance  with  every  fact  hitherto  observedi] 
and  possesses  in  reality  no  solid  foundation- 

The  posture  of  fossil  vegetables  in  coal  mil 
the  perfect  preservation  of  extremely  thin  leai 
such  as  those  of  the  ferns,  the  entire  state  of  theif^ 
fronds,  which  are  often  extremely  large,  and  above' 
all,  the  presence,  in  many  of  these  mines,  of  vertical' 
trunks  of  trees  rising  up  through  tin?  several  strata, 
of  rocks  that  enclose  them,  are  incompatible  with 
the  hypothesis  of  transport — Count  Sternberg, 


OrCADEOtOB.^  OF  PR.  BUCKLA^TQ.  ^^. 

Th^  Ilpv.  Dr.  Bucklantl  read  last  May,  to  tliq 
Geo].  Society,  a  paper  already  quoted,  descriptive  of 
a  ucw  family  of  fossil  plants,  which  occur  in  the 
ireestone  quarries  of  the  Lsle  of  Portland.  Their 
external  fonn  approaches  to  that  of  the  fruit  of  the 
pine  apple,  but  is  still  more  like  the  trunk  of  a  livr 
iiig  zamia.  These  plants  supply  from  the  fossil 
world,  a  link  to  fill  the  distant  void  which  separates 
the  cycadeae  from  the  nearest  existing  family  tlie 
conifera^.  Thejr  occurrence  in  the  Portland  oolite 
adds  another  to  tlie  many  facts  wliich  indicate  the 
climate  of  these  regions,  during  the  ])eriod  of  the 
oolitic  formations,  to  have  beeu  similar  to  that  of 
our  actual  tropics, 

"  Thus,  dispersed  through  various  members  of  the 
^rand  ooUtc  funijation  or  Jura  limestone,  we  have 
tnuiks  and  leaves,  and  perhaps  organs  of  fructifica- 
tion, that  may  w  ith  much  probability  be  a)|  referred 
to  our  new  fossil  family  of  cy cadcoideair  We  luive 
the  trunks  in  Portland,  tlie  leaves  at  Whitby  and 
in  Scania,  and  both  leaves  and  amenta  ?  at  Stonee- 
field;  and  though  we  are  as  yet  without  materials  to 
show  the  specific  relations  of  these  parts  to  on<e 
another,  we  have  evidence  to  prove  tlie  duration  of 
one,  or  both  the  cognate  famihcs  of  cyc^dea*  and 
cycadeoide^  to  have  extended  flora  nearly  tlie 
lowest:  to  tlie  uppermost  beds  pf  tlie  oolite  series.** 

To  the  same  conclusion,  concerning  tlic  tropical 
[.vegetation  of  our  climates  in  antediluvian  times, 
fr.  Mantell  has  brought  verj^  decisive  support  in 
lus  able  *'  Ilhistralions  of  the  Geology  of  Sussex.** 
"  WhetlierTilgatc Forest," says  he,  "was  an  island 
or  a  continent  may  not  be  determined ;  but  that  it  was 
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diversified  by  hill  and  valley,  and  enjoyed  a  climate^ 
of  a  higher  temperature  than  any  pait  of  niodenl| 
Europe,  is  more  than  probable.  Several  kinds 
ferns  appear  to  haxe  constituted  the  immediate 
vegetable  clothing  of  the  soil ;  the  elegant  hifmert*\ 
opieris  psilotoides,  which  probably  never  attained  ti 
greater  height  than  3  or  4  feet>  and  the  benntifiitj 
pecoptcrls  reticulata^  of  still  smaller  growth,  beinji 
abundant  everywhere.  It  is  easy  to  conceive  what; 
would  be  the  appearance  of  the  valleys  and  plains 
covered  witli  these  plants,  from  that  presented  hj\ 
modem  tracts,  where  the  conmion  ferns  so  genet 
rally  prevail.  But  the  loftier  vegetables  were  sdi 
entirely  distinct  from  any  tliat  are  now  known  l&j 
'exist  in  European  countries,  that  we  seek  in  vaia. 
For  any  thing  at  all  analogous,  without  the  tropics, 

"  The  forests  of  C/^/A. 
rarea  (see  marginal  fig- 
ure), and  Endogenita', 
(the  plants  of  whidi, 
ike  some  of  the  recent 
arborescent  ferns,  pro!>- 
ably  attained  a  height  of 
.30  or  40  feet,)  must  have 
borne  a  much  greater 
resemblance  to  those  of 
tropical  regions,  than  to 
any  that  now  occur  in 

ties  of  various  kinds  must  have  been  seen  on  the 
■banks  of  its  rivers  or  lakes,  and  groups  of  enormous 
crocodiles  basking  in  the  fens  and  shallows.  The 
gigantic  megalosauruSj  and  yet  more  gigantic  iffua- 
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fwdon,  to  which  the  groves  of  palins  and  arborescent 
ferns  would  be  mere  beds  of  reeds,  must  have  been 
of  such  prodigious  magnitude,  that  the  existing 
animal  creation^  presents  us  with  no  fit  objects  of 
comparison.  Imagine  an  aniiiial  of  the  lizard  tribe, 
3  or  4  times  as  large  as  the  largest  crocodile,  havhig 
jaws  equal  in  size  to  the  incisors  of  the  rhinoceros, 
and  crested  with  horns ;  sucli  a  creature  must  have 
been  the  iguanodon," 

Professor  Kounizin  describes  in  the  Isis  for  18'-2I, 
immense  beds  of  fossil  wood  in  several  localities  of 
the  governments  of  Novogorod  and  Twer  in  the 
north  of  Russia,  where  no  sucli  trees  are  now  found 
to  grow.  In  moist  clayey  soil,  they  are  sometimes 
petrified.  The  oaks  not  petrified  are  very  tender 
when  first  dug  up,  and  may  be  cleft  easily  into  thin 
spars,  like  pinewood ;  but  when  dried,  they  become 
blacker,  and  so  hard,  that  the  hatcliet  is  notched  in 
cutting  them.  There  are  no  oaks  to  be  found 
growing  even  in  any  of  the  contiguous  countries, 
which  have  been  bare  and  barren  from  time  imme- 
morial. Similar  beds  of  fossil  wood  occur  over  the 
whole  of  North  Russia,  on  the  banks  of  tlie  Doubna, 
Kachinka,  and  Karojincha,  as  also  in  the  govern- 
ments of  Wologtla  and  Aloncy. 

Near  Canstaiid  on  the  river  Necker,  M.  Auten- 
rieth  found  an  entire  forest  of  the  trunks  of  palm- 
trees  buried  along  with  the  remains  of  elephants, 
of  which  more  tlian  GO  tusks  were  found,  none  of 
them  deeper  than  20  feet  beneath  the  surface,  in 
an  indurated  mass  of  clay,  sand,  pebbles,  and  ochre, 
which  had  to  be  blasted  by  gunpowder  to  get  at 
the  fossils. — Ctivier,  Ossemens  Fossilcs,  /.  I ^'-2. 
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The  fossil  shells  found  iu  the  strata  of  England^ 
France,  and  the  contiguous  countries,  having  for  the 
most  part  no  antitypes  alive,  except  in  equatorial 
regions,  harmonise  with  the  preceding  details. 

It  has  heen  said  that  in  the  calcareous  strata  al 
Grignon  near  Paris,  more  genera  and  species  occur 
than  could  be  found  on  the  whole  coasts  of  France. 
It  is  only  between  the  tropics  where  the  ocean  con- 
tains  such  a  number  of  molluscay  that  sca^groundt 
can  be  found  as  rich  in  testaceous  productions  as 
the  bed  of  Grignon.  If  we  take  into  account  alsOi 
tliat  the  fossil  shells  belong  mostly  to  hot  climatesi 
we  shall  conclude  that  in  the  latitude  of  France  in^ 
that  former  state  of  things  the  climate  must  havflt] 
been  of  a  tropical  temperature.  The  nautili  spirulii 
and  many  other  shells  found  fossilised  iu  our  strata, 
exist  alive  only  near  the  equator ;  a  fact  which! 
confirms  the  preceding  proposition.  The  follow! 
table  exhibits  a  comparative  view  of  the  number 
genera  and  species  of  animals,  heretofore  discovi 
both  in  the  fossil  and  living  state,  with  tiic  strata  iu] 
which  the  fossilised  are  found. 

The  polypary  family,  the  first  in  the  list,  inch 
the  madrepores,  and  other    worm-like    creati 
which  construct  what  are  commonly  called  the  a 
reefs.     In  the  department  of  Calvados  in 
mineral  beds  occur  of  very  great  extent,  cona] 
almost  entirely  of  the   debris  of  polyparies.     Iil^ 
other  regions  still  farther  to  the  north,  remains 
large  fossil  polyparies  exist,  whose  genera  now  live 
only  in  tropical  seas. 
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This  curious  table,  and  its  introductory  statements, 
are  taken  from  tlie  article  Petrifactions,  written  by 
M.  Defrance  for  the  Diclio7inaire  des  Sciences 
Naturcllcs,  and  published  in  1826. 


CHAP.  IV.— ELEVATION  OF  SUBMARINE  STRATA, 

Having  endeavoured  to  solve  one  enigma  of  tlie 
primeval  world,  tljc  fervid  temperature  of  even  its 
cireumpoiar  zones,  I  shall  next  oiier  some  remarks 
illustrative  of  another  geological  difficulty,  the 
transfer  of  the  ocean  from  its  ancient  to  its  pre- 
sent bed. 
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Existing  phenomena  justify  us  in  referring  thii 
mighty  change  to  a  twofold  operation  ;  the  elev; 
don  of  certiiin  submarine  strata  o\  cr  an   extensiw 
region,  and  the  concomitant  disruption  and  sul 
imersion  of  dry  land.     The  basaltic  or  trap  pheni 

lena,  lead  to  the  conclusion  that  such  iiplicavin 
*tnd  subversions  were  not  confined  to  one  epoch 
.tlie  antediluvian   world,  but   that  coeval  witli  il 
'birth,  they  pervaded  the  whole  period  of  its  di 
^tion.     Hence  sea-born  lands  came  forth  to  tlie  dayi 
^and  primeval  plains  were  engulphed  in  succession 
Icircumstancos  fully  demonstrated  by  the  dens 
antediluvian  animals  which  abound  in   shell-lime^l 
(tone  rocks,  and  by  many  other  appearances^  Su< 
ixtensive  elevations  of  land,  often  to  vast  height 
lecessarily  involved  a  corresponding  displacemei 
in  the  bed  of  the  waters  j  which  being  of  invariabh 
^volume  must  have  sliifled  their  position  with  evej 
change  in  the  form  of  their  basin.     The  deluj 
that  universal  transflux  of  the  ocean,  was  the  1; 
and  greatest  of  these  ten-aqueous  convulsions,  ani 
finally  gave  our  spheroid,  the  more  stable  eqi 
brium  whicli  it  has  ever  since  possessed.* 

The  nature  and  causes  of  that  unstable  equili 
brium,  whose  traces  are  still  visible  in  the  antedi-j 
luvian  Irame-work  of  the  globe,  we  have  endea-j 
voured  to  explain,  and  shall  add  some  furthed 
remarks  in  the  chapter  entitled  "  Phenomena  of  tiid 
Deluge."  Meanwhile  I  shall  prove  by  decisi\'e| 
e^  idencc,  that  even  under  our  more  settled  terras 


*  "  Neither  shall  tlicre  any  more  be  a  flood  to  defttro^  tho  cartlL* 
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queous  equilibrium,  extensive  tracts  of  land  have 
been  upheaved  or  elevated  from  the  waters  in  post- 
diluidan  times. 

In  advancing  these  proofs,  I  shall  commence 
witli  the  testimony  of  an  intelligent  eye-witness  to 
a  recent  phenomenon  of  the  kind,  on  no  dubious  or 
inconsiderable  scale,  I  allude  to  the  **  Account  of 
some  Effects  of  the  late  Eartliqiiakes  in  Cliili,  by 
Mrs.  Maria  Graham/'  published  in  the  first  volume 
of  the  second  series  of  the  Geological  Transactions, 

The  first  shock  hy  which  the  towns  of  Valparaiso,  Mellpilla, 
QuiUota,  and  Caaa  Blanco  were  almost  destroyed,  and  Sanitugo 
mxxch  damaged,  was  felt  at  :^  past  10  o'clock  in  the  oreninj^  of 
Tuesday  I9tli  Not.  1822.  It  lasted  3  minutes.  In  a  few  min- 
otes  after  the  first  shock  there  woa  anotlier  lens  severe ;  and  from 
that  time,  the  whole  night  long,  sacressive  shocks  were  feltj  twice 
in  every  five  minutes,  eacli  lasting  from  a  half  to  a  whole  minute. 
On  the  20ili,  Slst,  and  22d,  the  shocks  continued.  A  Utile  hefore 
10  of  the  latter  day,  three  succesjuive  Iwud  explosions  were  heard, 
like  the  sound  of  heavy  artillery,  and  under  wliicli  the  earth  trembled 
violently.  The  weather  waa  hot  and  sunny  on  one  day,  and  foggy 
wih  cold  drizzling  nun  on  another.  On  the  23d  and  24lh,  the 
earthquakes  continued  with  a  mild  cloudy  sky.  Trora  t)ii«i  time 
till  the  I8ih  January,  1823,  when  Mrs,  Graham  left  that  country, 
continval  earthquakes  more  or  less  severe,  were  felt  every  day ;  and 
she  has  learned  that  they  were  very  violent  in  the  subsequent  July, 
and  had  not  ceased  altogether  so  late  as  September. 

The  sensation  experienced  during  the  more  violent  shocks  was 
that  of  the  eartli  being  suddenly  heaved  up  in  a  direction  from 
aorch  to  south,  and  then  falling  down  again  ;  a  transverse  motion  also 
being  now  and  then  felt.  The  tremonr  between  the  shocks  was 
sliown  to  be  real  by  the  agitation  of  water  in  a  ghms  ;  and  during 
the  sliocks  themselves,  water  or  mercury  pliu-ed  in  a  glahs,  wiu* 
thrown  over  the  edge  in  ever)' direction.  In  the  house  where  Mrs, 
G.  resided,  the  furniture  was  all  displaied  with  some  degree  of  regu- 
larity, so  as  to  range  not  parallel  to  the  walls  which  fronted  to  the 
north  and  south,  but  at  a  given  angle  diagonally.     The  sensation 
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experienced  on  board  the  ships  that  Uy  in  the  harbour  of  Va]| 

WHS  BH  if  lliey  were  moviiig  very  rapidly  llirouf^h  the  water,  andj 
^occasionally  tuuvhiiig  tlie  ground.  On  the  first  shock  on  the  nighfr] 
of  the  19ili  Nov.,  tlio  sea  in  Valparaiso  harbour  rose  to  a  greai' 
height,  and  then  receded  ro  as  to  leave  the  small  veMels  dtat  wer« 
before  aBoat,  <\ry  on  the  beach  ;  it  then  returned,  but  a>  coinj 
with  the  level  of  the  land,  not  to  itA  original  level.  All  tbii  i|ij 
stated  to  have  haj>{»ened  in  the  course  of  a  quarter  of  an  hour. 

In  all  tlie  »inall  vsJley^i  the  earth  of  the  gurdeiiv  \\9a  rent,  sn4 
qoonlilics  o(  water  and  sand  were  furced  up  through  crvcks  t9^ 
the  surface.  In  the  alluvial  valley  of  Vina  a  la  Mar,  tlie  whoW 
plain  wat  covered  with  coi>e«  of  earth  ahuut  4  feet  )u^«  occasioned  I 
by  liie  water  and  aaad  irTiich  Lid  bt^en  forced  up  ihroo^  fonnel* 
ahaped  hollowa  beneatit  them ;  the  whole  surface  b4.'ing  tbua  reducA^ij 
to  the  consistence  of  a  quick»aud.  At  the  roots  uf  all  tlie  trecp 
between  the  Hurrounding  earth  aiul  the  etem,  large  hollown  wef* 
seen,  into  which  tlie  Itand  could  be  introduced,  occasioned  by  ihf 
violence  with  which  tlic  trunki^  had  been  Whvd  to  and  fro*  Th^ 
bed  of  the  lake  of  QuinK^xo  was  full  of  lai^e  crackfl,  and  tlie  allori 
rial  soil  on  its  shore  was  so  divided  w  to  look  Uke  a  apoug^  ^  ^^ 
lei-el  of  the  lake,  which  communicates  with  the  a^  bad  ^^pf^aieqJfi 
sunk  very  much. 

The  protuontor)'  of  Qiiintero  consists  of  giianite  covered  hj 
sandy  soil.  The  granite  on  the  heach  is  intersected  by  parallel  vfin^ 
horn  a  line  to  an  inch  in  thickness;  most  of  which  are  GUed  wit^ 
a  white  abiniog  matter,  but  some  are  only  coated  with  it  on  thei^ 
aide»,  and  present  hollow  tUsores.  After  Oie  earthquake  of  the  19t^ 
tile  whole  lock  waa  found  to  be  rent  by  »>liaq)  recent  clefts,  very 
distin^i^lmhle  from  the  older  omis,  but  running  in  the  same  dire^ 
tion.  Many  of  the  larger  of  these  clefts  might  he  traced  fron  tht^ 
beach  to  tlie  distance  of  a  mde  aikd  a  half  acrosii  the  neighbouring 
promontory,  wliere  in  some  instances  tlie  earth  parted^  and  h&  ifa^ii 
stony  baiie  uf  the  loU  exposed. 

Oil  the  morning  of  the  '20th,  it  appeared  tJiat  Ui9< 
U'hol€  line  of  coast frojn  north  to  south,  to  the  distance 
of  above  lUO  viiles^  had  been  raised  afmve  its  formcr\ 
level.  From  a  small  hill  above  Quintero,  Mr* 
Graham   |jereeiveJ  ih.at  w  <Jiii  wreck  of  |i  &lii|>. 
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which  before  could  not  be  approached,  waa  now 
accessible  from  the  hind,  althougli  its  place  on  the 
shore  had  not  been  shifted.  The  alteration  of  level 
at  Valparaiso  was  about  3  feet,  and  some  rocks 
were  thus  newly  exposed,  on  wliich  the  fishermen 
collected  the  scallop  shell-fish,  which  was  not  known 
to  exist  there  before  the  earthquake.  At  Quintero 
tlie  elevation  was  about  4  feet.  When  Mrs,  G. 
went  to  examine  the  coast,  accompanied  by  Lord 
Cochrane,  although  it  was  high-water,  she  found 
tlie  ancient  bed  of  the  sea  laid  bare  and  dry,  with 
beds  of  oysters,  muscles,  and  other  shells  adhering 
to  the  rocks  on  which  they  grew,  the  fish  being  all 
dead  and  exhaling  most  offensive  effluvia.  She 
found  good  reason  to  believe  that  the  coast  had 
been  raised  by  earthquakes,  at  former  jK^riods  in  a 
^milar  manner ;  several  ancient  lines  of  beach,  con- 
sisting of  shingle  mixed  with  shells,  extending  in  a 
parallel  direction  to  the  shore,  to  the  height  of  50 
feet  above  the  sea.  The  country  was  in  former 
y^ears  visited  by  earthquakes,  the  last  of  any  conse- 
quence having  been  93  years  ago. 

The  shock  of  the  19th,  was  felt  as  far  as  Lima 
to  the  north,  by  the  ships  then  riding  in  Callao  bay. 
To  the  south,  it  was  experienced  at  least  as  ^  as 
Conception  j  and  to  the  east,  beyond  the  Andes, 
at  Mendoza  and  at  St.  Juan,  The  distance  from 
Conception  to  Lima  is  about  ^  degrees  of  latitude 
or  liOO  miles. 

To  the  above  graphic  narrative  we  may  add 
the  following  particulars  inserted  by  M.  Arago  in 
tlie  'iyth  volume  of  the  Annales  de  Chimie  ct  de 
Physiq'ue,  p.  380. 
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On  certidn  spots  the  groutuj  appears  to  hare  exptfrienced 
the  shock  a  muvemfiit  of  rolatiou.     The   following  are  Uie 
oil  which  that  rnarrelluuH  assertioTi  rests, — Dcs  murg  d  de*  mt 
u^fres  tevenemrfU  etaient  tountes  en  rond,     I  shall  not  translate 
Hovel  phenoQienon,  as  i\f.  Arago  regrets,  that  th<^  rTprciwon 
the  on^nal   relation,  is  deficient   in  precision.      At  Qaiottrt^ 
miles  to  the  north  of  Concon,  at  the   nioutli  of  the   Rio  Qaillot 
are  several  lofty  palms ;  tluee  of  which,  after  ilie  eartfaqaftke, 
twisted  round  each  other,  like  willow  wands.     The  niorenient 
rotation  is   further  proved  hy  the  circumstance  of  each   of  tl 
trees  having  swept  a  small  space   round  ahout  tta  stem.     At  V 
divia,  in  south  latitude  39**  69^,  only  one  moderate  shock  was  fel 
•but  at  the  moment  of  its  occurrence,  two  volcanoes  of  the 
bourhooil  made  a  sudden  eruption  wiilj   a  loud  noise*  illnii 
,the  whole  surrounduig  country  for  some  aeoonds,  and    forthwti 
returned   to  their  ancient  state  uf  tranquillity.     On  the  27l]i  Xod 
eight  days  after  the  strong  Rliock,  there  fell   over  a  great  extent 

!bili,  copious  rains    accompanied  with    violent  whirlfrimhk 
tain  had  never  been  observed  before  in  the  month  of  N( 
thu  earthquake  must  consequently  have   introduced  some 
modifications  into  the  atmosphere  of  the  country. 

The  uphea\ing  plienomenon  of  Cliili  is  merely 
miniature  type  of  operations  extending   throiij 
every  geological  epoch  and  district  of  the  worl< 
Thus  the  facts  detailed  by  Signor  Brocchi  in  hi| 
Conchohgia  Subappeninn  concur  to  show  that 
whole  promontor}'  of  Italy  has  been  lifted  up 
an  unbroken  mass  out  of  the  ocean ;  for  it  is 
covered  with   an    alluviiun   evidcudy   of  maht 
origin,    over  which   is  spread   another    coat, 
diluvium  or  detritus  of  tlie  great  deluge,  commi 
to  every  region  of  the  earth. 

This  marine  deposit  is  found  not  only  in  many| 
low  situations,  but  it  forms  a  range  of  hills  at  the^ 
foot  of  the  Appenine.  It  occurs  also  in  PiedmoDUi 
near  Parma  in  Flacentia,  whence  it  stretches  all 
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over  the  north  side  of  this  ridge  to  Otranto :  and 
on  the  south  side,  it  skirts  the  elevated  land  in  a 
similar  manner,  occurring  at  Orvieto,  Rome,  near 
Terracina,  and  elsewhere.  The  same  alluvia  are 
to  be  seen  near  Vicenza  and  Verona,  or  at  the 
foot  of  the  Alps,  as  well  as  the  Appenines;  so 
that  tlic  term  Subappenine  has  not  been  well  chosen. 
These  beds  are  nearly  horizontal,  and  conse- 
quently unconformable  to  tlie  inclined  calcareous 
strata  of  the  Appenines  on  which  they  lie.  The 
fishes  of  Monte  Bolca  belong  to  the  marine  alinvial 
bed.  They  are  found  in  a  marly  slate,  which  does 
not  lie  in  continuous  strata,  hut  in  distinct  and 
detached  masses  among  the  looser  materials.  The 
indurated  animal  matter,  mixed  with  the  inchiding 
earth,  is  of  a  brown  colour,  and  at  times  so  thick 
as  to  project  from  the  stone,  in  a  se])arablc  stale. 
In  this  allnvinm  of  Brocclii,  besides  the  more  common  marine 
U^/ossils,  the  bones  of  whales  and  ilulphins  are  foand.  Even  entire 
^Ftkeletooa  of  these  animals  have  been  discovered  at  elevations  1200 
^v  ^t  above  the  sea.  The  whale  bones  are  in  some  phices  incmsted 
^^wilh  oyster  shells,  anti  almost  uniformly  in  perfect  presen-ation  ; 
Mt  showing  that  they  have  not  been  brought  frum  a  distance,  and  that 
the  alluvia  in  which  they  lie  have  not  been  transported. 

The  animal  terrestrial  remains  of  the  u[}|>er  diluvium  are  generally 
found  a  few  feel  below  the  surface?,  intermixed  with  the  sand  or 

Ignirel ;  but  as  that  bed  is  occasionally  absent,  tliey  also  occur  in 
the  marl.  They  consist  of  the  bones  of  the  hippopotamu*),  elephant, 
rhinoceros,  mastoilon,  uros,  and  elk,  together  with  the  bonis  of 
Mttga ;  to  which  must  be  added  rentable  remains,  consisting  of  the 
ftagmenta  and  traiiks  of  trees^  with  leaves  little  altered,  freshwater 
■faelli,  and  lastly  fragments  of  tra\'ertino  or  alluvial  ro<-ks,  and 
vegetable  i^alcareous  incrustations,  resembling  those  which  ara 
daily  forme<l  by  native  Rolntions  of  carl)ona1e  of  lime. 

In  different  countries,  and  in  Italy  very  particularly,  it  ]ias  been 
obsenrcd,  that  the  relative  level  of  the  sea  and  land  has  soifered 
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•ereral  altenttions.  The  proofti  and  nature  of  these  are  given 
BreUIak  oihI  utUer  writorK,  wlio  have  minutely  examined 
subject.  The  present  t-aite  mny  be  considered  an  extreme  en 
tbut  nature,  one  which  shows  that  the  bottom  of  the  sea,  logcl 
with  its  nncoDBolidated  allaria,  lias  been  raisefl  ahore  the  svrfiHe 
tKe  water,  so  m  to  have  become  dry  lantL  Thua  it  is  euy 
accoout  for  the  prvseuce  of  marine  remains,  as  well  as  fur 
Eoogularly  undifiturbod  Btate. 

It  ia  equally  eany  to  account  for  the  proximity  of  the  marine 
the  terrestrial  remains,  b»  also  for  tliat  of  the  alluvia  which  re| 
ively  enclose  caoii.     Whatever  cause  or  causea  generated  the 
terrestrial  diluria  that  occur  all  overtlie  world,  these  liare  apipansii 
been  <li'posited,  in  mo»t  caetee  oil  nakeil  rot'1<.     In  tliis 
one,   tltey    have    afettled    cm  a   previous   altuviam    of  n    u 
diaracter ;  and  wherever  the  two  are  mixed,  we  may  ascribe 
to  diluvial  currents. 

"  It  now  follows,"  says  Dr.  Macculloci),  "  that  die  eleYvrion 
the  land  of  Italy,  which  ia  tlie  origin  of  these  phenomena,  is  %e 
attrilnited  te   the  sane  causes  which  are   now,  or  bam 
been,  operating  in  producing  Hmaller  change*^  in  the  relative  level 
the  sea  and  laud,  au<l,  uf  course,  in  elevadag  the  laMcr. 
luses   are    romie^^ted    with    eai'tltquakes    and    volcanoes,   or 
idaut   ou   volcauic   action.     They  are   the   same   that 
Saotorini  from  beneath  the  ocean,  and   tliat  have  prodaced 
phenomena  of  the  coral  itdantU  presently  to  be  described.     In 
history  uf  tbew*  isdauds,  further  proofs  and  coutirmaiions  of 
views  will  be  found.     ....     That  tlie  skelutoos  of  wl 
bhould  be  found  at  1200  feet  above  the  level  of  the  itea,  is  no 
Huqtrisiuj^'  tliau  tliat  they  should  be  found  at  all.     Tltis 
foci  iHy  however,  important,  as  showing  tlic  vertical  extent  of 
elevaiioo,  just  as  the  geography  of  the  marine  remains  demi 

that  of  its  Buper6cial  one It  is  probable  that  at 

pfriod  at  which  modem  Italy  was  prodaced,  the  whole  uf  thej 
central  diain  experienced  a  fresh  eleratiuu  to  the  altitodfl  of  M 
least  1200  feet,  and  over  a  superficial  sjMuie  wldch  reaches  fnm] 
Otnuilo  at  one  end  of  the  country,  to  Piedmont ;  aiid  to  the  foot] 
of  the  Alps  generally  on  the  other  side;  since  the  oeigfabovi 
of  Viceaza  and  Verona  presents  the  same  appearaucea. 
It  might  even  be  suggested  that  the  whole  of  tbat  cMmtry, 
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to  the  Iiighest  point  of  tlie  AppenineS)  was  rabed  at  oHe  siugte  period 
from  beneath  tliat  ocean,  in  which  we  know  that  the  limestone  of 
tbis  ridge  was  furnted.  SliouUl  thin  have  been  the  caae,  the  abaence 
of  the  marine  alluvium  from  the  higher  parts  would  be  accounted 
for  on  tbe  »anie  principles  which  are  applied  to  die  deimdations  of 
Ihe  eartb's  surface  all  over  tlie  world.*'* 

In  the  above  phenomena,  we  have  the  association 
of  an  active  existing  cause,  with  effects  that  cannot 
be  fjuestioned.  We  feel  the  insecurity  of  the  earth 
on  which  we  stand ;  for  what  arose  in  one  earth- 
quake may  be  consigned  by  another  to  the  bottom 
of  the  ocean.  The  suddenness  or  rapidity  of  the 
above  emptive  agency,  may  be  inferred  from  the 
undisturbed  state  of  some  of  the  shells  and  skele- 
tons 5  but  still  more  decidedly  from  the  preservation 
of  the  animal  matter  in  the  ligaments  of  tlie  bivalves, 
and  from  the  condition  of  tJie  tislies  of  Monte 
Bolca,  as  already  des^cribed  in  Chap.  ii.  Book  II. 

The  countries  most  easy  of  access,  which  prob- 
ably contain  good  examples  of  volcanic  elevation, 
are  the  Azores,  and  the  other  volcanic  islands  of 
the  African  coast,  as  well  as  St.  Helena,  Ascension, 
and  Owhyhee.  Geologists  should  bear  in  mind, 
moreover,  "  that  as  all  the  supra  marine  laud  has 
apparently  been  elevated  by  some  causes,  from  tlie 
bottom  of  the  sea,  there  may  be  marine  alluvia 
beneath  terrestrial  ones,  in  many  countries  which 
show  no  traces  of  a  volcanic  nature,  or  of  a  volcanic 
origin.  It  must  be  remembered,  that  although  the 
land  be  supposed  to  have  been  elevated  from  the 
—  sea,  it  by  no  means  follows  that  this  was  a  single 
■  event.     It  is  much  more  probable  that  it  was  sue- 
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cessive,  and  that  the  causes  operated  through  a  h 
series  of  ages."  • 

The  coral  islands  offer  proofs  of  the  elevations  of 
sLibniariiie  strata  by  expansive  forces,  acting  an 
periods  probably  not  very  remote  from  our  own 
times;  and  therefore  they  are  well  calculated  to 
throw  light  on  the  more  ancient  and  obscure  phe- 
nomena of  the  deluge.  Nearly  all  the  islands  to 
the  south  of  the  equator,  between  New  Holland  and 
the  west  coast  of  America,  are  the  productions  ol 
polyparies^  or,  as  tficy  are  commonly  called,  of  the 
coral  tribe  of  molluscous  insects.  But  to  account' 
for  the  very  considerable  heights  at  which  many 
coral  islands  stand  out  of  the  sea,  above  whosei 
level  these  insects  cannot  build,  we  must  have  re- 
course to  an  upheaving  power;  and  that  power  is, 
obviously  igneous.  We  have  reason  to  believe  thatt 
these  organic  edifices  are  founded  on  tlie  cones  ofj 
submarine  volcanoes. 

Tlie  coral  rocks  rouinl  Ton^Uiboo  are  t«n  Ceet  above  the  high 
water  mark,  a  terrace  which  could  not  be  fomietl  by  polyporiea,  or^ 
by  the  deposition  of  marine  exnriw.     Iiitoriorty,  the  islaud  Hm*  >n 
many  places  60  or  70  feet  big-her.     In  other  Ulands,  coia]  rodi* 
ander  their  most  cbaracteriBiic  formn,  liave  been  obsenred,  wm  tf ' 
Eooa,  at  altitudet  of  .SOO  feet  abo\-e  the  sea.      Nnvr,  it  will  oat  4 
surely  be  inferred  that  our  ocean  ha!«  sunk  300  feet.     Noc  need 
we  renort  to  auch  an  extravagant  hypothesis,  since  the  true  Agenf 
of  elcvatiott  reveala  itself  in  subjacent  vo1canoe4  among  these 
isles.     Toofooa,   70   mile<«   from   Tong;ataboo,  exhibits  a  volcano' 
always  burning.     Among  the  Friendly  Islea  3  active  volcinoea 
known.     Tafooa,  we  have  already  noticed  as  well  aa  Rap   to  tka 
eastward  of  the  Carolines,  both  volcanic,  and  tlie  latter  subject  10 
freijueut  eartbquakca.     All  the  coral  reefs  shake,  when  the  ialand^ 
Ulea  trem!]les. 

•    Macculloch,  Brande's  Jouma!,  vol.  XTV.  pp.  280,  Ml. 
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In  tlie  inland  and  elorau^d  putB  of  Owhyhee  coral  is  observed ; 
an  island  noted  for  magnificent  volcanic  operations.  The  soil  of 
the  adjoinlug  i!»land  of  Mowee  consults  of  lava  and  other  volcanic 
matters ;  along  with  probably  the  whole  mouutain  group  to  which 
it  belongn. 

To  the  preceding  instances  of  volcanic  action  amon^^  the  coral 
iftlaiidt),  may  lie  addoil  Tanna,  one  of  the  New  Hebrides,  which 
contains  a  very  artive  vulcano.  Messrs.  Forater  and  Sparrman 
made  an  attempt,  but  misuccet^Hrully,  to  reach  its  baniiiig  mountain. 
The  whole  of  it  shook,  with  projection  of  ashrs,  which  darkened 
the  atmosphere  ;  and  ther^;  fell  at  the  same  time  a  rain  composed 
of  water,  sand,  and  earthy  wliicli  might  be  called  a  shower  of  Npime. 

Ambr)'n  in  lite  same  ^npj  emitted  columns  of  white  smoke, 
impetnooaly  from  a  volcanic  crater. 

The  Marian  Islands  ore  filled  with  volcanoes.  La  Peroase  de- 
■cHbes  Assumption  Island  as  covered  in  every  direction  with  lava 
torrents. 

To  the  north  of  the  Marians,  ai'e  several  groaps  of  bqibII  islands, 
•  almost  all  of  them  volcanic.  Many  of  them  indeed,  have  no  other 
name  than  Volcano  Island ;  and  others  have  names  of  similar  im* 
|M>rt,  as  Sulphur  Island.  There  are  two  collections  of  coral  reefs, 
■urroanding  two  of  thene  stnall  islands,  to  which  the  imposing  title 
Gardens  has  been  given.  Easter  Island,  to  the  east  of  the  Society 
faXeA,  is  arid  and  volcanic,  composed  of  a  porous,  light,  red  lava. 


From  tliese  details  it  appears  quite  certain  that 
many  of  the  coral  isles,  have  like  Italy  been  i-aised 
out  of  tlie  ocean  by  the  volcanic  intrusion  of  matter 
somewhere  iinder  their  base,  or  by  a  general  expan- 
sive force  forming  vaults  beneath  them.    It  is  highly 
irobabte  that  the  numerous  volcanic  chimnieswhich 
like  Kirauea  in  Owhyhee  rise  through    the  vast 
Witic,  are  remnants  of  the  general  convulsion 
^hich  raged  at  the  deluge,  ending  in  the  submer- 
ion  of  some  vast  primeval  continent,  corresponding 
probably  in  area  to  tlie  surface  of  that  ocean.    But 
this  topic  belongs  to  a  subsequent  chapter. 
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Having  adverted  to  the  coral  islands,   I  shall] 
■introduce  here  such  remarks  about  their  inffuen* 
^ifl  modifying  the  surface  of  tlie  globe,  as  may  bel 
tnaturally  expected  to  liave  a  place  in  a  system 
geolog}'.     The  rank  which  their  insect  archil 
'Bold  in  the  zoological  kingdom  has  been  shown  ii 
the  Table  of  living  and  fossil  organic  genera,  p.  457J 

Tlie  g^ent  qaantity  of  calcareous  poIj'paripR  or  lithopliyu^fii,  fa 
(•lire  in  the  teas  of  hot  couDtries,  and  the  contiitlerable  aiua 
lem  met  with  in  the  fossil  state  amon^  our  limi'stone  rocksi 
[Caused  tliese  ammal  products  to  be  considered  as  fonuiiij^  ft: 
Constitaent  portion  of  our  continents,  and  as  being  capable  of  onKfi-l 
^fyiii^  in  an  extremely  rapid  and  powerful  manner,  the  aahi 
'Siuface  of  our  globe. 

Such  views  are  very  common  in  our  modem  treatises  on  Geol< 
Originally  founded  on  the  observations  of  Captain  Cook,  aad 
Other  early  nBvigaU>rs  who  traversed  the   south  seas,  aiid  exph 
Austraiaaia,  they  were  corroborated  in   a   particular  manner 
Forster,  then  by  Peron,  during  his  voyage  to  New  Holland    in 
Expedition  of  Captain  Baudin,  and  afterwards  ndopte<l  by  all  nat 
ralistA.     It  was  obvious,  indeed,  that  if  the  animals  which  pi 
tliese  potyparies,  designated  under  the  general  namefl  of 
or  corals,  by  sailors  and  even  by  many  geologists,  grew  aa  rapidly 
those  which   form  the  esc/tars,  according  to  SpalUnzani's   obsei 
tions,  the  Hiony  polt/parics  ought  to  produce,  in  about  half  a  oeni 
or  even  a  much  shorter  period,  by  means  of  the  heda  they  bcM 
to  an  almost  indefinite  extent,  calcareous  masses  of  prodi^4 
^aod  surface.     But  the  Bnit  poHiiioa  is  more  than  doabtfolv  ▼i&Y' 
'the  astraey  and  the  caryophyllat  are  produced  with  tlir  saw« 
^ty  as  the  eschars  ;  and,  it  is  certain,  besides,  that  these  fixed 
main  cannot  live  either  at  great  depths,  where  the  aolar  Kglit 
heat  exert  little  or  no  influence,  or  ao  new  to  the  nKofmem  of 
aea  as  to  be   exposed  to  its  violent  agitations,  far  lesa  abore 
awface.     Hence,  in  the  most  favourable  situations,  it  ia 
that  tl»e  islands,  archipelagoes,  and   reefs  with   which  ilie   [i 
and  South  Seas  are  studded,  cannot  be  altogether  madreporic, 
been  loog  believed,  but  merely  prominences  rising  from  the 
analogous  to  those  of  the  adjoining  lands,  moat  commonly-viitcaoir 
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-which  becoiDe  iiicrusteJ  witli  znadreporic  depoalu  of  greater  or 
tefifl  (hicbBcss. 

This  is  the  opinion  advaiiced  by  MM.  Quoy 
and  Gaimard,  naturalists  of  the  expedition  of  Cap- 
tain Freycinet,  who  after  visiting  the  same  points 
as  Peron,  and  particularly  Timor  and  the  Isle  of 
France,  have  undertaken  to  prove  in  a  memoir  on 
tlie  augmentation  of  lithophyte  polyparies  consi- 
dered geologically,  tliat  what  had  formerly  been 
published  about  the  immense  erections  which  the 
saxigenous  polj'pi  are  capable  of  executing,  is 
erroneous  and  greatly  exaggerated. 

Perhaps  these  naiuraUsU  nmy  Lave  systematised  a  little  too 
much  in  the  opponite  directioru  They  previously  determined  that 
the  incrustatiog  polyparieH,  as  tlie  aatrea;,  tie  caryophylla?,  and  the 
meamlrinic,  arc  the  genera  whore  fwuUies  of  increafle  appear  to  be 
most  extensive  or  lea^t  limited.  Yet  tliey  cannot  lire  at  coofd- 
dcrable  depths,  since  they  have  never  been  met  n-ith  bolow  b 
(ew  fatKooM  from  tlie  surfat^e.  By  tluur  own  admiiwioo,  however, 
the  nunifying  polyiiaries  may  liv«  at  a  great  depth,  and  they 
adduce  an  instance  where  at  80  fatlioms  in  south  latitude  56°,  they 
obtained  by  soundmg,  omall  branches  of  living  madrepores.  It  i« 
known,  moreover,  that  in  the  Mediu*rraiiean,  even  the  coral  tribe 
focuts  at  the  depth  of  1000  or  1^00  feet.  May  not  attrea  also 
lire  fear  deeper  tluui  a  few  fatlioms,  tlmugh  they  have  not  been  met 
with,  siniie  there  ia  a  great  analogy  between  them,  and  certaia 
madrepores  ?  Or  may  it  not  be  supposed  tlmt  those  reefs  and 
Milanda,  based  always  upon  some  earthy  prominence  of  a  primitive, 
secondary,  or  volcanic  nature,  constituting  t}ie  bottom  of  tlie  sea, 
at  fintatioot  up  to  a  certain  height  by  the  aid  of  numerous  branches, 
of  the  ramifying  polyparies,  and  are  connected  and  consoIiLtlated 
by  tljo  shells  which  take  shelter  in  their  windingu ;  that  then  the 
remainder  may  be  formed  by  beds  of  astrete,  meandrinie,  and  other 
xncraiUilmg  pof If  paries  y  the  action  of  which  will  be  more  lively  and 
rapid  as  the  animals  get  hito  more  fovoumble  circurastanoea  of  heat 
and  light  ?  An  to  the  uipport  whic^h  the  opinion  of  Forster  and 
PeroD   may  derive  from  madrepores  beiog  obserrcd  on  island*  at 
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very  great  elevations,  we  must  here   carefully  aBcenain  if  tht 
nature   of  these  islanda   be   not  volcanic,    for  ia    this   caai 
iDudreporett   Diight  rest   on  die  ground  originally  at  great 
nnder  the  sea,  and  liave  been  tliereafter  elevated  with  the 
body  ttaelf,  or  any  other  rocky  inasa  upheaved  in  the  eruption. 


CHAR  v.— PHENOMENA  OF  THE  DELUOE. 

It  has  been  maintained  by  some  ingenious  writen^! 
that  the  whole  of  the  antediluvian  earth  now  liei 
drowned  under  our  actual  seas ;  and  that  the  whole 
of  the  present  dry  lands,  formed  the  bed  of  the 
antediluvian  ocean.      I  do  not  mean  to  ofier  aa 
elaborate    examination   of    this   hypothesis.      Dr. 
Buckland,  has  in  my  opinion  advanced  sufficient 
evidence,  to  prove  that  considerable  portions  at  least 
of  our  existing  grounds,  were  occupied  by  land 
j-animals  before  the  Noachian  flood,  in  his  ingenious 
^theory  of  the  hyaena  caves,  to  be  described  in  a 
hsubsequent  chapter.      These  seem  to  have   been 
^»antediluvian  dens  of  those  camivora,  whose  exuvur 
buried   in  diluvial  loam,  along  witli  the  gnawed 
bones  of  the  animals  on  whose  carcases  tJiey  preyed, 
Btill  attest  their  ancient  habits  and  resort*     That 
they  are  not  postdilu\'ian,  appears  from  the  osteo- 
logy of  the  animals  ;  as  the  bones  differ  specifically 
from  those  of  their  existing  generic  types. 

Tlie  texts  of  Scripture  which  have  been  cited  iu 
iroof  of  the  total  submersion  of  the  antediluvian 
tjworld,  particularly  by  Mr.  Penn  in  his  comparative 
itimate  of  the  Mineral  and  Mosaical  Geologies, 
terit  the  deepest  reverence ;  but  they  will  admit, 
on  his  own  principles  of  criticism,  of  a  less  restrictfd 
interpretation.     That  the  ground  of  the  antedBn- 
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vians  was  cursed  on  account  of  Adam's  transgres- 
sion we  are  expressly  assured ;  and  we  also  know 
that  its  destruction  was  denounced  in  the  prophetic 
intimation  of  tbe  deluge  to  Noah<  "  I  will  destroy 
both  man  and  beast,  and  tlie  creeping  thing,  and 
the  fowls  of  the  air ;  and  behold  I  will  destroy 
them  with  ike  earth,"  Moreover,  this  penal  expia- 
tion of  the  curse  due  to  sin,  is  declared  by  St.  Peter 
to  have  been  accomplished,  "  The  world  which 
then  was^  being  overflowed  with  water  perished  ; 
but  the  heavens  and  the  earth  which  are  now,  re- 
served by  the  same  word,  are  kept  in  store,  unto 
fire  against  the  day  of  judgment  and  perdition  of 
ungodly  men." 

It  is  indeed  demonstrable  on  physical  grounds, 
that  such  a  transflux  of  the  ocean,  as  Cuvier's  con- 
clusion implies,  must  have  permanently  submerged 
a  great  extent  of  the  ancient  lands,  and  upheaved 
a  vast  tract  of  submarine  territory.  But  the  genera! 
tenor  of  the  Scripture  style,  will  certainly  not  war- 
rant the  theologian  to  insist  on  the  arithmetical 
interchange  of  land  and  water,  by  the  deluge ;  nor 
is  the  philosopher  entitled  to  build  his  system  on 
the  above  expressions  of  sacred  writ.  Expositors 
of  the  Bible  allow,  and  indeed  every  attentive 
reader  of  the  authorised  version,  cannot  fail  to  per- 
ceive, that  language  apparently  absolute  and  un- 
limited, is  according  to  the  idiom  of  oriental  writers, 
often  susceptible  of  a  relative  and  modified  meaning. 
Thus,  St.  Paul  says,  "  be  not  moved  away  liora  the 
hope  of  the  gospel,  which  ye  have  heard,  and  wliich 
was  preached  to  every  creature  which  is  under 
heaven."     Ezekiel  also  in  comparing  the  Assyrian 
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monarchy  to  a  cedar  of  Lebanon,  exclaims,  "  All 
the  fowls  of  heaven  made  their  nests  in  his  boughs, 
and  under  his  branches  did  all  the  beasts  of  tlie  field 
bring  forth  their  young,  and  under  his  shadow 
dwelt  all  grcvit  nations.** 

But  assuredly  neither  the  apostle  nor  the  prophet 
intended  that  the  reader  should  understand  in  a 
strictly  literal  sense  these  passages,  which  merely 
described,  in  forcible  words,  the  vast  range  over 
which  the  influence  reached  in  either  case. 
turc  quotations  to  the  same  effect  might  be  multi- 
plied were  it  necessary  ;  but  these  two  will  suffice 
show  that  without  some  very  definite  limitation,  m 
oriental  phrases  involve  such  modified  meanings. 

I  readily  concede  that  the  territories  occupied  by 
the  human  race,  were  permanently  submerged  at 
the  deluge, — probably  some  great  continent, 
sponding  to  the  site  and  area  of  our  Pacific  Ocean 
which  still  betrays  in  multiplied  points  of  its  expanse: 
the  embers  of  volcanic  violence-  On  this  principle, 
Scripture  trutli  is  not  violated ;  and  thus  also  we 
can  perfectly  account  for  the  non-appearance  of  the 
bones  of  man,  and  his  companion  animals,  the  sheep, 
tliegoat,  the  camel,  &c.  among  the  diluvial  exmia.^ 
of  all  the  countries  hitheito  explored. 

A  universal  deluge  seems  clearly  proved  by  the 
utter  extinction  of  the  species  of  the  primeval  race 
of  animals,  a  toj)ic  which  wc  shall  afterwards  discoa 
at  some  detail.  Were  we  not  informed  by  M 
of  tlie  universal  depravity  of  the  progeny  of  Cato, 
as  well  as  of  the  descendants  of  Seth  whom  thejr 
corrupted,a  depravity  to  which  moilern  crime  affords 
parallels  enow  to  render  the  lustory  credible^  we 
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should  find  some  difficulty  in  reconciling  with  the 
counsels  of  a  Benignant  Governor  so  tremendous  a 
catastrophe,  implicating  not  only  tlie  human  race, 
but  myriads  of  animals,  in  a  common  destruction. 
But  we  read  that  Divine  justice  outraged,  and 
mercy  spurned,  at  length  required  their  victims. 
"  And  God  saw  that  the  wickedness  of  man  w;is 
great  in  the  earth,  and  that  every  imagination  of  the 
tlioughts  of  his  heart  was  only  evil  continually. 
And  it  repented  the  Lord,  that  he  had  made  man  on 
the  earth,  and  it  grieved  him  at  the  heart*' 

Since  geology  leads  us  to  conclude,  that  the  earth 
peopled  by  Noah's  contemporaries,  perished  at  the 
deluge,  complete  harmony  is  maintained  between 
^jScience,  and  a  just  interpretation  of  holy  writ, 
^p    By  a  series  of  such  subversions  of  the  old  land, 
H|ind  emersions  of  the  new,  within  a  short  space  of 
P^time,  at  an  epocha  of  intense  volcanic  activity,  (as 
exemplified  in  the  great  trap  and  porphyritic  erup- 
tions   through   the   conchil'erous  strata,)  we   may 
explain  many  important  phenomena  of  the  ancient 
world,  as  well    as  its   diluvial  transition  into  the 
present,  without  hypothetical  assumptions,  or  the 
violation  of  any  moral  or  physical  probability. 

We  shall  tirst  bestow  a  few  thoughts  on  the 
primordial  land.  Consisting  of  primitive  formations 
in  the  strictest  sense  of  the  geological  word,  it  would 
prove  in  general  a  stubborn  soil,  prolific  of  every 
congenial  weed,  but  imgracioua  to  cidttire.*  Hence, 
after  the  fertile  fields  of  Eden  were  forfeited  and 

•  C^'Ioii  in  describeiJ  by  Dr.  Davy  as  one  mass  of  primitive  rock,  to 
which  liie  noil  corresponds.  Though  almost  imivcrsally  teeming  with 
vegetation  in  the  interior,  it  is  generally  poor,  and  contains  but  a  fininll 
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lost,  the  lands  assigned  to  man  might,  from  heat' 
and  dryness,  (except  in  marshes  overrun  with  ferns 
and  equisetums,)  readily  favour  the  fulfilment  of 
the  penal  denunciation,  "  In  the  sweat  of  thy  face 
fihalt  thou  eat  bread;"  and  may  make  us  feel  the 
force  of  the  prophetic  hope  of  a  better  earth, 
expressed  by  Lamech  at  the  birtli  of  Noah  his  son ; 
"**  This  same  shall  comfort  tis  concerning  our  work 
and  toil  of  our  hands,  because  of  the  ground  which 
the  Lord  hath  cursed."  We  shall  afterwards  see 
how  well  this  prospect  was  realised,  when  the  rich 
secondary  strata  were  upheaved  out  of  tlie  waters 
at  the  diluvial  metastasis, 

A  tradition  of  this  malediction  has  been  ever 
current  among  mankind  ;  typified  in  the  change 
from  the  golden  to  the  iron  age  of  agriculture.  And 
probably  we  may  likewise  trace  to  the  same  origin, 
the  singidar  idea  of  the  innate  malignity  of  matter, 
and  of  the  necessary  pollution  of  whatever  is  asso- 
ciated with  it ;  a  dogma  of  great  importance  in  ori- 
ental mythology.  The  tiilejustissima  telluSf  we  must 
remember,  was  not  applied  by  Virgil  to  lands  con- 
temporaneous with  himself;  but  to  the  garden  soil 
of  his  primeval  paradise.  The  notion  of  tlie  inhe- 
rent malignity  of  matter  could  not  be  suggested  by 
experience ;  that  is,  by  any  observed  property  of 
earth  or  clay  ;  for  it  is  either  plastic,  yielding  kind!) 

proportion  oTvc^table  matter,  seldom  more  then  one  or  two  ^mt  cnC 
liro^-ing  tli&c  the  IiLxuriunt  vegetation  of  the  countr)-,  and  partkubrij  oT 
the  Kandian  conntr)-,  is  more  dependant  on  the  high  tempenturv  flf  ■ 
tropical  sun,  ami  the  abundance  of  water  in  a  mtiuntaimna  rrgiom^  tkH 
on  richnefts  of  soil,  which  is  confinned  by  the  natural  sterility  of  ccrtu 
pun.«  of  the  low  country,  that  nro  subject  to  long  continued  drougtil 
Geol.  Tinnt,  to/.  K  p.  i\\2. 
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to  the  hand  of  the  potter,  or  inert,  passive,  and 

I  therefore  quite  undeserving  of  reproach. 
'-  Tlie  period  of  the  deluge  is  fixed  by  the  best 
chronologists  in  the  year  lG.56  from  tlie  creation, 
corresponding  to  the  year — ^348  of  the  Christian 
'era.  According  to  Blair,  **On  the  10th  day  of  the 
«econd  montli  which  was  on  Sunday,  Nov.  80th, — 
S347,  God  commanded  Noah  to  enter  into  the  ark 
with  his  family ;  and  the  next  Sunday,  Dec.  7th, 
W^  it  began  to  rain,  and  rained  40  days,  and  the  deluge 
continued  150  days.  On  Wednesday,  May  6th, 
— <2348,  the  ark  rested  on  Mount  Ararat.  The  tops 
of  the  mountains  became  visible  on  Sunday,  July 
19th,  and  on  Friday,  Nov.  18th,  Noah  came  tbrtii 
out  of  the  ark  wth  all  that  were  with  him," 

I  When  the  barriers  of  the  ocean  began  to  give 
way  before  the  explosive  forces,  tlie  waters  would 
invade  the  shores,  and  spread  over  the  sunken  land,* 
augmenting  protligiously  the  evaporating  surface, 
and  thus  bringing  the  atmosphere  to  the  dew  point, 
a  state  of  saturation  to  which,  previously,  it  could 
seldom,  and  in  iew  places  attain,  on  account  of  the 
area  of  the  dry  ground  being  great  relative  to  that 
of  the  sea.     From  this  cause,  as  well  as  from  the 

(immense  quantity  of  vapours  which  arc  known  to 
'  rise  from  craters  into  the  higher  and  cooler  regions 
of  the  air  at  the  period  of  eruptions,  an  immense  for- 
mation of  cloud  and  deposition  of  rain  would  ensue.t 

W^  *  The  rolcanic  DiounuUi  of  Pic  in  the  Moluccas,  which  was  visible 
more  than  30  miles  off  at  sea,  entirely  disappenred  amidst  a  violent  erup- 
tioti;  and  n  liike  now  occupies  its  place. — Ordinaire,  IlUtoire  KaturcUc 
det  Volcant^  ch.  2?. 

f  Ducarla,  in  a  Memoir  on  Vulcanic  Rains  and  Inundations,  published 
in  the  61st  vol.  of  the  Joiu'n.  de  Ph^'siqiiOj  spcnking  of  the  aqueous 
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Many  persons  have  ascribed  to  the  descent 
rain  trom  some  super-aerial  ocean,  a  great  part, 
not  tiie  whole,  of  the  waters  wliich  then  inuodtti 
the  earth.     But  the  sUghtest  acquaintance  with 
principles  of  meteorology,  would  have 
this  wild  imagination.     The  atmosphere  is  tnerelj 
the    circulating  medium   through    winch   aqneoi 
particles  are  transferred  from  moist  to  dry  placet^ 
according  to  tixed   laws,  developed  in   a  fonneri 
chapter  of  this  work.      Supposing  it    universalh 
saturated   at   a    temperature   of  80°    Fahrenheitt^ 
(which  is  the  heat  of  the  equatorial  seas,)  round 
aqueous  sphere,  it  could  receive  vapour  merely  cqui^-i 
valent  to  its  dew  point,  amounting  at  the  utmi 
to  a  pressure  of  only  one  inch  of  mercury,  or  13. 
inches  of  water.     This  is  all  that  could  fall  from  i| 
in  its  transition  from  moisture  to  absolute  drynew: 
a  quantity  incapable  of  producing  a  general  deluge*^ 
The  formation  and  descent  of  rain  constitute  merely! 
a  process  of  distillation,  in  which,  after  the  dew  poiol 
has  been  reached  in  any  region,  evaporation  stops^ 
there,  unless  condensation  takes  place  in  anotiier/ 
when  a  direct  circulation  of  vapour  is  established 
through  the  air  above,  and  a  retrograde  circulatioftf 
of  water  on  the  surface  below.     But  this  circulation" 
can  never  raise  the  ordinary  level  of  our  seas  in  the 
slightest  degree.     In  fact,  such  a  saturation  <rf'  tbe^ 
atmosphere  would  lower  the  general  sea  level  by 
withdrawing  entirely  for  a  season,  a  greater  matfj 
of  water  into  the  air  than  usually  exists  in  the  v»- 


vapours  ihcn  raiseti,  says,  "des  qu'  cllca  mnt  dnns  l'atmoiph«rcw«Uei  5 
runuenl  bicutut  dVoonncs  nuflges  qui  ee  resolvent  on  t9Ut  9t  wtncol 
dca  dcUigci  sur  lea  contrccs  vomom," 
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porous  state.  We  have  no  ground  to  suppose  that 
tempestuous  winds  aggravated  the  horrors  of  the 
rising  deluge.  "  The  atmosphere  participates  very- 
little  in  the  agitation  of  volcanoes  and  earthquakes. 
It  remains  customarily  calm.    M.  Von  Buch  when 

(observing  an  eniption  of  Vesuvius,  was  surprised 
to  see  the  mercury  of  the  barometer  remain  per- 
fectly steady."* 

At  each  successive  upheaving  of  the  submarine 
strata,  the  inundation  woiUd  advance  further  on 

»the  land,  drowning  in  their  places  the  animals  which 
the  dismal  preludes  had  driven  few  shelter  into 
their  dens  ;  and  washing  away  by  its  reflux,  the 
tenants  of  the  plains,  into  tlie  slimy  channel  of  the 
Vdeep.  By  such  a  retiring  billow  in  the  dreadful 
earthquake  of  1755,  3000  inhabitants  of  Lisbon 
were  suddenly  swept  oft*  its  quay,  and  swamped  in 
the  bed  of  the  Tagus.    Should  a  revulsion  ever  lay 

(that  channel  dry,  their  bones  may  be  found  buried 
in  the  alluviimi.  In  the  progress  of  the  eleva- 
tion ol*  submarine  strata  and  subversion  of  terres- 
trial, tlie  stage  of  cquiUbrium  would  arrive,  when 
the  circumfluent  waves  would  roll  over  the  loftiest 
pinnacles  of  the  globe.  From  this  consummation 
of  tlie  cataclysm,  as  the  new  lands  continued  to 
rise,  and  the  old  to  subside,  mountain  peaks  would 
begin  once  more  to  appear.  During  the  diluvial 
overflow,  the  atmosphere  would  remain  tranquil ; 
for  the  physical  causes  which  disturb  its  equili- 
brium— inequalities  of  temperature  and  moisture^ 
would  act  feebly  if  at  all.     The  umversal  sheet  of 


•  D'Atibuisson  Gcognosie,  1.  195. 
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water,  quenched  in  fact  for  a  time,  the  equate: 
heats,  which  give  origin  to   the   trade   winds  an 
monsoons.      And   in    extra-tropical    regions,    th' 
usual  struggle  between  the  dry  air  incumbent  ov 
;the  plains,  and  the  moist  air  over  the  sea,  wheui 
Iproceed  the  variable  winds,  was  also  at  an  en 

Nor  could  the  shoreless  abyss  itself  be  animat 
)y  regular  currents,  like  those  which  pervade 

±\ial    seas.      No    American    barrier   stretc, 
lu'ough  two  hemispheres,  then  received  the  imp 
sion   of  an  ocean-stream  from  Africa,   to  defl 
it  through  a  Mexican  gulf,    round   on  Europeai 
shores.      The  disruptive  forces,  would   doubtJ 

itate  the  mass  of  waters,  but  would  also  preve; 
their  pursuing  any  continuous  direction.  Th 
the  animal  and  vegetable  productions  of  eve 
region  would  find  their  places  of  sepulture  at  home 
for  we  know  of  no  effective  power  that  could 
port  them  to  any  considerable  distance. 

But  when  the  waters  had  so  far  subsided  int 
their  new  basins,  as  to  expose  the  mountains  an 
table  lands  to  tlie  sunbeam,  the  atmosphere,  would 
be  set  in  rapid  motion,  and  would  resume  its  diyii^ 
agency,  on  the  new-born  earth,  by  transferring 
moisture  exhaled  I'rom  its  intra-tropical  territori 
to  the  cold  ridges  of  Himmala  and  Caucasu 
Now  sprung  forth  that  great  east-wind,  which  h 
ever  since  continued  to  circulate  round  the  globe, 
and  wliich  as  the  ministering  spirit  of  commerce, 
mariners  love  to  call  the  trade-wincL  Soon,  indeed, 
a  foreign  force,  would  lend  its  impulsion  to  the  in- 
ternal causes  of  aerial  currents.  The  waters  in  the 
progress  of  descent  into  their  deepening  channels,— 
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our  still  unfathomed  ocean-caves,  would  take  an 
accelerating  pace,  as  do  our  ebbing  tides  when  they 
approach  their  lowest  level.  With  the  increasing 
velocity  ofdeflux,  the  air  also  would  be  hurried 
along,  and  thus  conspiring  elements  would  tear  up 
and  excavate  the  great  diluvial  valleys,  which  now 
furrow  every  district  of  tlie  earth,  monuments 
equally  innimbiguons  and  enduring  of  the  retiiing 
cataclysm.  Of  the  impetus  of  that  tremendous  mass 
of  waters,  the  human  mind  can  form  no  adequate 
conception*  A  faint  idea  may  perhaps  be  acquiied 
from  contemplating  the  effects  of  some  partial  floods 
described  in  modern  history. 

In  1225  the  sea  being  raised  to  an  unusual  height 
by  a  storm  of  wind,  inundated  Holland.  The 
Rhine  at  the  same  time  swollen  by  extraordinary 
rains,  and  driven  back  by  the  tempest,  spread  its 
waters  over  the  countries,  around  its  embouchure. 
A  calm  suddenly  supervened.  The  waters  which 
had  risen  by  rapid,  but  not  disruptive  steps,  now 
began  to  run  off  with  so  furious  a  deflux,  as  to 
excavate  and  sweep  away,  an  immense  ti*act  of 
ground,  the  bed  of  the  Zuyder-zee, 

In  14-^1,  at  another  and  more  sudden  inundation 
of  Hollantl,  100,000  of  its  inhabitants  were  drown- 
ed ;  a  Imndred  villages  were  engulphed  ;  and  in 
its  retreat,  an  ocean-cliannel  was  scooped  out  near 
Dordrecht,  where  that  great  arm  of  the  sea  called 
the  Bies-Boos  stretches.  We  may  now  understand 
how  the  granites  of  the  upper  Vivarais  were  torn 
asunder  into  tlieir  present  frightful  j)recipices  and 
fa9ades ;  how  the  gigantic  obelisks  of  the  Alps 
and   Pyrenees  were   insulated  from   their   parent 
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mountains ;  and   how   the   mighty  valley  of 
Khonc  was  scooped  out  between  its  huge  ram 
the    Jungt'rau    and    Monte-Rosa,    and    its 
strewed  over  the  far  diatmt  plains  of  Burgundy^ 
The  enormous  boulders  of  granite,  which  are  sp; 
over  the  Jura  and  neighbouring  countries,  ha 
been  already  noticed  as  referred  by  all  obserre 
to  the  action  of  the  diluvial  torrents.     But  ho 
much  must  it  exalt  our  admiration  of  these  subiim 
phenomena,  to  learn,  from  Von  Buch,  second 
'no  man  in  mountain  geology,  that  these  round 
'blocks  were    rolled    into   tiieir  present    sit 

kt  the   time  of  the  rising  from   bdow  of  M 
^Blanc  and  the  Alpine  mountains,  to  wliich  tb 
"belong   in    composition — mountains   now    coj 
ered   by  Von  Buch  as   the   latest  of  all  mi 
^formations,    and    newer    than    even    the    tei 
strata  1    Hence  tliey  are  contemporaneous  with 
fdeluge,  indicating  at  once  its  U'anscendent  c 

id  effects.*  In  support  of  this  conclusion,  it 
fthould  be  stated,  that  M.  Deluc  of  Geneva  pub- 
Kshed  in  the  Memoirs  of  the  Physical  Society  of 
that  city  for  May  18^,  a  similar  opinion  ; — thai 
the  Alpine  ridges  have  been  formed  after  the  ter 
tiary  rocks  ;  and  that  the  boulders  have  been  dij^ 
persed  by  that  mighty  upheaving  of  the  land-  The 
great  masses  remain  nearest  the  parent  mountain^ 
and  being  least  travelled,  are  most  angular;  the 
smaller  and  lighter  ones,  having  been  proportionaUj 
more  violently  agitated,  and  roUcd  to  greater  dis- 
tances, have  got  rounded  by  the  attrition. 
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The  bouleversement  involved  in  these  proposi- 
tions, and  deducible  from  the  phenomena  on  wliich 
they  rest,  must,  by  the  estabhshed  laws  of  physics, 
as  we  have  already  shown,  have  materially  increas- 
ed the  area  of  the  ocean,  and  diminislied  that  of 
the  land.  To  what  degree  this  change  of  propor- 
tion  amounted,  we  have  no  precise  data  to  determine. 

On  Mr.  Penn's  principles  tlie  ratio  of  land  to 
water  was  inverted  by  the  deluge,  for  he  assumes 
that  our  actual  seas  correspond  in  surface  to  the 
antediluvian  lantls  ;  and  our  actual  lands  to  the 
antediluvian  seas.  But  the  researches  of  Professor 
fiucldand  on  the  Kirkland  and  Franconia  caves ; 
as  well  as  those  of  Baron  Cuvier  on  the  grotto  of 
Oiselies,  concur  to  prove  that  these  were  dens 
inhabited  by  antediluvian  quadrupeds,  and  there- 
fore must  have  formed  a  portion  of  its  dry  land. 
Moreover,  most  of  our  coal  districts,  and  primitive 
schistose  mountiiins,  in  Scotland  for  example,  bear 
no  good  evidence  of  having  Iain  under  the  sea 
during  the  long  antediluvian  period.  A  few  shells 
may  no  doubt  be  found  scattered  over  tlieir  surface, 
relics  of  the  deluge,  but  these  marine  exuvise  do 
not  constitute  regular  testaceous  strata  in  their 
body,  as  woidd  undoubtedly  have  happened  during 
a  long  residence  in  the  bosom  of  the  ocean. — Our 
coal-measures,  indeed,  are  most  probably  the  basins 
of  antediluvian  lakes  and  marshes. 

With  Mr.  Penn's  proportion  of  land  and  water, 
I  conceive  the  terraqueous  globe  \vould  not  have 
been  habitable  by  man,  and  his  companion  animals. 
It  would  have  possessed  nearly  three  parts  of  earthy 
.surface  to  one  of  aqueous,  whereas  there  is  now 
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fully  tliree  of  aqueous  surface,  to  one  of  cartli] 
Of  since  di-y  ground  is  the  heating  surface, 
wafer  is  the  cooling ;  the  heating  faculty  of 
ancient  globe  would  have  been  three  times  great 
than  the  present,  and  its  cooling  faculty  thi 
times  less  ;  making  a  ninefold  dift'erence  in  caloril 
constitution  between  the  tM'o,  without  taking  inl 
account  the  proper  heat  of  the  antedUu\'ian 
Under  such  circumstances  of  heat  and  ahditj 
Vegetation  must  have  pined,  or  mort  probabi] 
expired,  except  in  a  few  narrow  bands  of  soil 
the  margin  of  the  sea ;  as  is  now  exemplified 
the  Barbaiy  shores.  If  we  suppose  Uiat 
one-half  of  the  primeval  land  perished^  at 
deluge,  and  thai  half  possibly  a  great  contineni 
(corresponding  to  the  Pacific  Ocean,)  which  migl 
form  the  whole  world  to  the  antediluxians,  unv 
as  they  evidently  were  in  navigation,  then  the 
of  their  dry  land  would  ha\e  been  equal  to  tlmt  of 
tfieir  seas.^    And  the  general  climate  of  their  glol 

■  This  difference  of  terraqueous  constitution  between  the  oM 
■nil  the  new,  may  pcrhops  be  made  more  intelligible  by  o  bimple 
icol   statement.     Calling    the  total  area  of  the  globe   1!?,  of  »tiU-b 
present  fully  it  are  water  and  'i  land ;  then  if  three  parts  of  land 
permanently  drownetl  nt  the  iIi-Iukc,  there  must  have  existed 
fi  parts  of  land,  and  ^^S—G  of  water.    Tbe  beating  nifAee  (tiM 
ground)  would  then  have  been  double;  and  the  cooling  iurfact  (1 
water)  only  two^hirds  of  its  present  amount.     Now  the  general 
queous  climate,  in  so  far  as  the  solar  influence  (s  concerned,  n  at  ri 
heating  surface  directly,  and  as  the  cooling  surface  inverf ely;  thatii^ 
2  to  };  but  e  divided  by  §=^     The  calorigcnoua  quality  wot^d 
fore  on  such  a  globe  have  bad  an  intensity  threefold,  of  what  it  hai 
the  present  state  of  things ;  which  state  may  be  represented  by  ^  <Bracdj^ 
and  ^  inversely ;  but  ^  divided  by  ^  is  obviously  J^,  —  the  nctwl  ntiot 
heat  to  the  ancient  ratio,  reckoned  unity.     The  dr^uess  of  the  air  «< 
also  be  proportionally  greater,  8o  that  the  dew  point,  prrlimiiwy  W< 
deposition  of  rain  drope,  would  be  attunabte  rarely»  and  in  few 
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as  far  as  depended  on  the  constitution  of  its  surface, 
would  have  been  three  times  wanner  and  drier 
than  the  present.  This  by  no  means  implies, 
however,  thermonietric  and  hygrometric  degrees 
three  times  higher  than  the  present.  Besides,  the 
hotter  surface  of  the  land  would  be  compensated 
by  a  greater  radiation  of  heat  into  space,  and  the 
hotter  surface  of  the  seas  by  a  more  copious  eva- 
poration of  water  into  the  air.  Still  that  incontes- 
table physical  principle  will  perfectly  account,  to  a 
certain  extent,  for  tlie  higher  temperature  which 
prev^ailcd  in  our  latitudes  in  antediluvian  times, 
and  for  the  sudden  and  vast  refrigeration  induced 
by  the  deluge.  I  do  not  presume  to  define  the 
numerical  jnoportions  of  land  and  water  on  that 
ancieot  globe;  but  I  maintain  that  such  a  mighty 
diluvian  catastrophe,  as  it  suffered,  could  not  be 
accomplished  by  any  powers  of  nature,  which  the 
laws  of  inductive  logic  authorise  us  to  employ, 
namely  general  explosive  and  disruptive  forces*  of 
volcanic  origin,  without  increasing  the  area  of  the 
sea,  at  the  expense  of  the  land. 

We  mnH  moreoTer  keep  in  view  the  incrensing  obrtrnciion  of  the 
central  heat  after  each  succeHsive  catastrophe.  "  Caloric  penetrates 
solid  tnasfles  so  slowly,"  aayH  M .  Fourier,  "and  especially  snch  solids 
tt»  constitute  the  envelope  of  the  terrestrial  ball,  that  the  interren- 
tion  of  a  very  few  leagues  of  layer*,  would  be  Bufficient  to  render 
inappreciuhle  the  impression  of  the  most  intense  heat,  for  twenty 
centuries."  This  proposition  is  fully  confirmed  by  the  experiments 
of  M.  Biot  OQ  the  propagation  of  heat  in  solids,  even  of  the  best 
condnrtinjb^  class.  A  copper  bar»  about  6  feet  long,  hfld  on« 
extremity  pinned  into  melted  lead,  while  a  series  of  tliurniometer- 
bulha  were  inserted  into  successive  holes  fiUed  with  mercury, 
placed  along  its  length,  at  intervals  of  4  inches.     The  following 
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table  exhibits  the  differences  of  tempcratiim  at  these  equi-diataot^, 
points :  fl 

Distances  from  focus,   6       7       8       9      10     12     U     16     18    20 
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Therm,  dif,  for  4  in,   IS**    12*  10'   ..^     ..^     .^     _.,      .^     .„     ^ 

Tims  we  see  that  an  interval  of  4  inches  near  the  hot  end  made  ^H 
fall  of  temperature  equal   to  15**,  while  the  Bame  interval  iienr  the 
cool  eud  causeil  a  fall  of  only  J  of  a  degree.     In  like  manner,  if  the 
increase  of  temperature  beneath  the  surface  of  the  earth  be  *l><>^fl| 
\°  F.  for  every  65  feet  of  descent  within  the  narrow  range acccso- 
ble  to  man^  or  at   the  cold   extremity  of  the  mineral  columns,  it 
oug^ht  to  be  progrensively  greater   at  more    considerable    deptli^H 
amountini;  to    many  degreen  for  the  same  intenal  of  space.     We 
may  therefore  Hafely  conclude  that  the    interposition  of   most  im- 
perfect conducting  strata,  to  the  thickness  of   5200  feet  on  the 
bottom  of  the  primeval  ocean,  would  cause  a  diminution  of  ioilii^ 
heat  in  the  sca-hcd,  of  nt  leant  80*^  Fahr.  between  the  coa1-m4 
epoch,  and  that  of  the  upper   courses  of  the  tertiary  strata.     Ai 
finally,  when  the  ncmn  wan  traiiHferred  from  its  first  basin,  over 
niotmtain  and  table  land<t,  so  considerably  removed  from  the  ii 
ence  of   the   central   heat  at  their  elevation  from  the  phmordi 
ftbysa,  its  waters  would  bo    insiantaiicou»ly  cliillefl   by  the 
vaaion.     Let  ua  call  to  mind  that  tlie  force  which  brought 
tlie    erupted    rockn    was    expuiislvt-,    and    would    naturally    for 
immense  subterrauenn   rault.^i,   interceptors    of   the    inti>rior  h 
whose  extensive  communications  round  the  globe  are  proved 
the  phenomena  of  PHrthquakes  and  volcanoes. 

Evaporation  is  the  j^nil  proce**>«,  whereby  ilie  exceMttve 
generated  by  the  aunbeam  are  tempered;  and  we  may  judge  oC 
cooling  powers  by  the  following  experimental  fact.     By  lb« 
taneoQfl  evaporation  of  one  pari  of  water,  from  tliL-  burfaoe  of 
partB,  at  tlie  genial  warmili  of  62''  Fahr.  the  remaining  31  will 
rendcre<l  ice-coM ;  and   by    the  evaporation  of  4  parta  moiv* 
reeitluary  27  will  be  cliajiu^Lnl  into  ice.    On  these  dtUa,  Dr.WoU 
constructed  his  elegant  instrument  the  cn/ophorus,  or  frost 
The  cold  produced  by  evaporation  m  very  beautifully  abown 
in  FrofesBor  Leslie's  powerful   mode  of  making  ice  in  vvcoo. 
bis  basin  of  freezing  water  be  covered,  however  looeely,  with 
disc  of  any  kind,  as  glans,  metal,  or  wood,  the  evaporation 
■uipondeil,  the  freezing  immediately  stops  and   thawing 
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Bat,  geugraphical  phenomena  may  perhaps  be  deemed  by  many 
persons  still  more  coiicliLsive  aa  well  as  appo!>itc  illustrations  of  oar 
present  argument. 

The  cooling  influence  of  evaporation,  in  regions  otherwise  very 
hot,  has  been  remarkably  evinced  in  Gniaoa,  where  the  inhabitants, 
living  within  6ve  degrees  of  the  line,  on  the  bonlere  of  imineose 
forests,  the  luxuriant  growth  of  morBhy  lands,  were  obliged  ft 
century  ago,  to  alleviate  the  severity  of  the  cold  by  evening  Bres. 
The  druinH^e  of  the  noil  tiince  then,  has  favoured  tlie  natural  pro- 
duction of  the  heat  to  such  a  de^ee,  tliat  a  fire  in  a  parlour  would 
now  feel  intolerable.  Even  the  rainy  season  has  been  shortened, 
and  thundery  meteors  have  been  diminished  in  consequence  of  the 
drying  of  the  ground. 

The  effect  of  a  predominant  surface  of  water  over  that  of  land, 
in  chilling  a  climate,  is  well  shown  in  the  greater  coldness  of 
Eastern  than  of  Western  Asia.  The  latter  being  in  contact  on  its 
southenL  and  vastem  boundaries,  with  a  wide  expanse  of  ocean,  is 
anbject  to 'severe  cold  and  moisture,  under  latitudes  which  are 
temperate  in  the  former.  Asi  the  western  region  is  protected  by 
Europe  on  the  west,  from  the  refrigerating  influence  of  the  Atlantic 
evaporation,  and  supplied  by  southern  winds  with  streams  of  hot 
and  dry  air  from  the  glowing  plains  of  Africa,  it  enjoys  a  compara- 
tively genial  cliinatet  iu  zoneu,  which  towards  the  east  become 
ivdaoHpitable.  Had  the  space  occupied  by  the  Indian  ocean  been 
<lry  land,  the  northern  districts  of  Hindostau  uiuier  the  tropic  of 
Cancer,  where  a  delightful  mddness  now  prevails,  would  have 
rivalleti  in  hrat  and  Hiervliiy  the  burning  sands  of  Zaara.  Hence 
we  see,  that  if  two  t^miqueous  globes,  placed  at  equal  distances 
from  the  sun,  dilfered  merely  in  the  ratio  of  dry  ami  aqueous  sur- 
face, the  mean  temperature  of  tlieir  rejtpeclive  climates  would  ho 
directly  as  the  extent  of  their  land,  and  inversely  as  that  of  their 
water. 

"  The  trade  wimls,"  says  Malte  Binm,  "  by  blowing  continnally 
from  the  east  over  the  sea,  contribute  to  render  all  the  maritime 
coasts  on  the  eastern  side  colder  than  those  coasts  which  look  to 
the  west.  On  the  other  hand,  the  more  a  continent  extends  from 
east  tu  west,  the  more  those  winds  are  heated  by  passing  over  the 
lands  scorchetl  by  the  sun.  This  is  the  reason  why  the  Antilles 
or  Caiibbee  islands  enjoy  so  moderate  a  temperature,  while  Sena- 
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gaiDbia  is  afflitrted  with  the  uoat  overpuu'ering  heat  of  which 
have  any  example. '* 

v)t.  Helena,  on  the  ranie  paiallel  mth  the  burning  plains  of 
tmeatal  Africa,  afibrds,  perhaps  the  most  instructive  exaiupW 
the  influ«Dc«  of  a  contermuious  aqueonii  surface,  in  lefrifceiml 
ibe  laiKl.  Though  li;»s  than  lH"  from  the  equator,  the  climate 
fit.  Helena  in  reniarkahly  cool  and  Halubrious.  In  James'a  Ti 
the  thermometer  »eUlom  rises  above  80^.  In  the  country 
temperature  is  still  more  mih) ;  be'mg  scarcely  ev«r  so  hot 
never  so  cold  as  in  England.  In  some  i«pa»ons,  the  tkermoi 
does  not  rise  hi^cber  in  summer  than  to  the  72d  decree  in  the 
interior  of  the  island.  The  average  of  the  year  is  from  66°  to  78° 
at  James's  Town,  where  the  sunbeaniH  are  concentered  by  reAediaB 
from  rocks;  from  61°  to  73°  at  the  Plantation  hovse;  and  iiom] 
56"  to  G8°  at  Longwood. 

Likewise  at  Sumatra  under  the  Uoe,  the  temperature  of  the 
is  seldom  higher  than  85*^,  while  in  Bengal,  ^2°  northwards,  it  rii 
considerably  above  100°. 

The  vaat  extent  of  the  antarctic  sea.s,  the  total  absence  of 
great  expaiine  of  land,  and  the  form  of  the  continents,  whidi 
jninatti  towank  the  souths  iilmost  in  pointf*,  concur  to  demt 
the  chilling  ioduenre  of  predominant  water.      Here  for  examfale 
tlie  island  of  Terra  del  Fnego,  in  that  of  Sandwich,  and  in  hei 
others  situated  no    further   from  tlie  equator  tlian  Great  Brill 
namely,  from  the  64th  to  Uie  57th  degree  of  soalh   latitude, 
mountains  even  in  tlie  soutJum  sum-ftuer,  remain  covertd  tritk 
quiU  to  the  sliores  of  the  Jco.f 

In  iMt,  it  is  only  at  a  distance  from  the  seas,  tliai  tfie 
aortea  of  the  globe  attains  its  greateKt  heat  and  dr}'ne««.      Ml 
Park  relates  that  in  the  districts*  of  Africa  which  be  passeil 
when  the  wind   blew  from  the  east  and  noith-eaat,  ibe 
became  bo  hot,  that  even  the  negroes  accustome*!  as  they  ww 
that  ardent  rltmate,  could  not  hear  to  touch  it  with  their 
Cmi.     While  reclining  ia  his  hut  of  reeds,  be  eonld  not  bold 
his  hand  against  the  current  of  air,  which  aBlfltvd  lliv  crrvit 
witliottt  feeling  at^te  pain  from  its  scorrhing  vftfCta*     But  in 
southern  districts  of  the  same  country,  which  abound  in 
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and  water,  the  climate  bfiCtfines  (v  uoro  temperate,  under  an 
cquaJly  fervid  sun. 

In  extensive  inland  plains,  where  there  is  no  csuae  to  disturb  the 
equilibrium,  to  promote  the  mixture  of  different  cnrrenta  of  air,  and 
wbere  evaporation  in  Hranty  for  want  of  waUr,  it  leldora  or  never 
rains,  w  the  atmosphere  can  liardly  reach  the  point  of  taturation. 
On  accouut  of  the  dioiluiiiluiig  uiuiwture,  tlie  roiu  ex[icrieuced  iu 
the  Karro  or  Caffrarian  desert  is  now  much  lefts  than  in  former 
times.  A  similar  change  has  taken  place  in  the  steppes  of  central 
Asia.     In  the  deseit  plains  of  Africa  rain  very  rarely  falls. 

^  When  I  WAS  at  Tozer,"  say*  Dr.  8haw  in  hli   Travels,  "  we 

iiad  a  small  drizzling  shutter  tji«t  continued  for  th^  space  of  tw<> 

i>our« ;  and  IK)  little  pruvitiiuu  won  made  against  accidents  of  tiie 

kind,  that  several  of  the  liouses  (built  only  with  palm  branches 

■■  and  tiles  baked  in  the  sun)  fell  down  by  imbibing  the  moisture." 

Alonjr  the  coast  of  Peru  rain  is  bo  very  rare  an  occurrence,  that 
its  appearance  in  any  particular  sea^ton  i»  notieed  an  a  remarkable 
eveot ;  but  ao  ample  supply  uf  mouture  is  aflorded  by  the  ffafvas 
OT  <leflse  fogs,  which  prevail  during  the  greater  part  of  the  year, 
io  tbat  extraordinary  region. 

In  Egypt,  likewise,  rain  is  hardly  known,  and  in  the  plains  of  the 

(kiogdom  of  Yemen,  a  whole  year  passes  sometimes  without  it. 
I  shall  condude  the  preceding  enumeration  ot* 
facts,  demonstrative  of  the  uiflucncc  which  mois- 
ture has  in  lowering  tlie  tenipcrature  of  the  earth, 
"with  some  general  remarks  on  tlie  siihject. 
When  water  rises  m  vapour  and  I'onns  clouds, 
^  the  vast  quantity  of  heat  expended  iu  tljis  operation, 
^i&  iu  a  great  measure  lost  to  the  eailh.  A  notion  at 
one  time  prevaileti*  tliat  on  the  transition  of  invisi- 
ble vapour  into  a  vesicular  or  nebulous  mass,  the  heat 
»  consumed  in  raising  the  vapour  was  remitte<l  back 
to  tile  airj  and  tlieuce  restored  to  tJie  terrestrial 
ball.  But  Dr-  Wells  has  jwoved  that  tlie  rise  of 
temperature,  which  the  air  and  surface  of  the 
^iTOund  indicate  when  transparent  vapour  becofnes 
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a  vesicular  fleece,  is  not  perceptibly  due  to  die 
latent  heat  of  the  vapour  now  become  sensible,  but 
simply  to  tlic  dissipation  from  the  earth,  of  radiant  i 
heat  into  space,  being  now  intercepted  by  the  reflect- j 
ing  canopy  of  cloud.  Indeed  tlie  expansive  nature^ 
of  caloric,  and  the  non-conductive  facidty  of  air, 
in  common  with  other  fluids  in  a  downward  direc- , 
tion,  preclude  us  from  supposing  that  the  warm 
strata  of  the  upper  regions,  can  communicate  i 
appreciable  heat  to  the  lower.  Clouds  in  reality,  act ' 
in  regard  to  the  earth  in  one  sense,  as  clothing  toi 
our  bodies ;  they  obstruct  the  dispersion  of  tlie  heaLj 
But,  in  anotlier  sense,  and  a  very  manifest  one^  the 
clouds  dull  ttie  eaith,  by  intercepting  and  thro\v*injj 
back  into  celestial  space  the  calorific  influence  of 
the  sun.  Hence  the  coldness  which  reigns  often; 
in  our  midsummer  days,  simply  in  consequence  ofj 
a  dense  veil  of  clouds  quenching  or  repelling  the] 
solar  beam.  In  general,  the  low  temperature  result- 
ing from  an  excess  of  aqueous  over  terrene  surface^, 
may  be  traced  to  two  causes.  \ 

1.  The  refrigerant  process  of  exhalation  is  inces- 
sant ;  for  the  vaporous  atmosphere  incumbent  ottj 
the  humid  plane,  in  seeking  the  statical  equilibri- 
xmi,  floats  over  the  relatively  drier  grounds  in  ibi 
neighbourhood,  rolls  away,  and  thus  suffers  a  coi 
stant  series  of  aqueous  particles  to  be  thrown  oi 
with  their  charge  of  latent  heat. 

'2.  At  certain  planes  of  elevation  in  the  atmi 
sphere  above  the  humid  region,  successive  strata 
clouds  arc  formed,  which  nearly  nullify  the  calo- 
rific power  of  the  sun.  | 

For  these  reasons,  aqueous  countries  would  be* 
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come  much  colder  than  we  have  shown  them  to  be, 
were  it  not  for  aerial  currents,  which  introduce 
masses  of  genial  air  from  (.bier  districts,  and  thus 
clear  up  the  sky  for  a  season.  Causes  of  this  kind 
for  example,  modify  greatly  the  climate  of  Ireland ; 
a  country  which,  according  to  Humboldt,  presents 
one  of  the  most  remarkable  instances  of  the  union 
of  cold  sunnners  with  mild  winters.  The  mean 
temperature  in  Hungary  for  the  month  of  August 

I  Is  71.6";  while  in  Dublin,  it  is  only  G0,8^ 
w  In  reference  to  cherishing  animals  and  plants, 
"tlimate  depends  much  more,  in  Humboldt's  opinion, 
on  the  annual  amount  of  solar  radiation,  than  on 
mean  temperature,  particularly  if  this  be  merely 
moderate,  with  much  moisture.  It  is  the  dry  and 
bright  sky  which  renders  tropical  regions  the  abodes 
of  the  plants  and  animals  that  characterise  them. 
The  lion,  elephant,  and  rhinoceros,  as  well  as  the 
palms,  will  thrive  in  dry  climates,  though  the 
nights  be  even  chilly.  From  the  travels  of  Ehren- 
berg  and  Hcmperich  in  the  Desert  of  Dongola, 
under  tlie  VJih  degree  of  latitude,  we  learn,  that 
in  December  the  thermometer  sunk  to  38**  Fahr. 
Thus,"  says  Humboldt,  **  we  find  Africa  with  all 
^ts  rich  vegetation  may  become  colder  than  Amer- 
ica, and  this  not  on  the  margin  of  the  tropics  but 
their  very  centre.  We  can  now  readily  under- 
stand how  on  a  terraqueous  sphere,  whose  land 
was  increased  and  water  diminished  in  a  moderate 
degree,  the  climate  might  have  been  so  much  war- 
mer, di'ier,  and  brighter,  that  animals  and  plants  at 
present  confined  to  tropical  zones,  might  flourish  in 
far  higher  latitudes.     With  a  terraqueous  ratio  of 
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area  such  as  we  have  assigned*  the  equatoi 
judinng  from  what  we  know  ol'  the  pri 
%  would  be  then  uninhabitable,  and  the  anim^ 
Id  be  compelled  to  migrate  in  search  of  shelti 
tbrestSy  refreshing  fields,  and  waters,  towards 
the  parallels  of  France  and  Germany.     And  as 
progress  of  desiccation  now,  is  spreading  the  sam 
deserts  nearer  and   nearer  to  tJie    Mediterraues 
ihores,so  the  same  cause  acting  witJi  proportionabM 
greater  power  on  the  hotter  and  drier  primev-rf] 
globe,  would  compel   its  gigantic  tribes   to  roi 
towards  the  polar  circles.   Here  accordingly  they 
isted  at  the  period  of  the  deluge,  here  they  perisfaf 
and  found  sepulture,  some  in  the  diluvial  gravel, 
others  in  the  ice  which  immediately  invested  tl» 
poles  when    the   circumfluent  waters    chilled  tl 
suHace  of  the  sphere. 

That  these  circumpolar  ices  formerly  descended] 
on  our  globe  into  latitudes  juuch  lower  than  at  pi 
seut,  involving  diluvian  gravel  in  their  mass,  ma] 
be  inferred  from  the  huge  ruias  of  diluvian  glacieisl 
in  Denmark,  as  well  hb  from  the  carcasses  of  fossil, 
aniinals  found  entire  iu  Siberia. 

As  to  the  fonner  fact,  Profe-ssor  Esmark  iias  adduced 
tory  pruufii  uf  imoiunse  fields  of  ice  liaviug  funnvrly  existed 
Norway,  in  places  where  no  perenuial  iee  is  any  longer  to  be  foandLi 
Kw  StaTanger  church  in  Lat.  5S^  58',  there  ia  i 
^•eier-dyke  or  rampart  uf  gravel,  close  to  the  sea,  in  k 
where  only  a  few  heaps  of  perpetual  snow,  iu  hoUowaofthei 
tains,  lit'  sloping  to  the  nonli-eafit,  at  from  2000  to  3000  UbcMih 
feet  above  tlio  level  of  Uie  sea.  The  length  of  the  rampart  mtnm 
the  valley  from  inountAin  to  mountain  is  2250  feet,  its  perpen£c«^ 
lar  height  above  ttie  plain   100.     It  consists  of  co«i«e  grmrel  nil 

1(1,  mixed  with  a  great  many  hof^e  blocks  of  gnetaa,  th*  pf  uttig" 
twk  of  the  1^  I'he  Professor  thinks  this  dike  OHUd  hs«t 
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been  formed  only  by  maMes  of  ice,  which  at  one  time  filled  up  the 
whole  ralley,  and  by  their  pressure  liollowed  out  the  bottom  into  its 
series  of  3  lake;).  On  the  plain  below,  there  ia  no  trace  of  gravel 
carried  down  from  that  dilte^  which  mustt  have  occurred  if  it  l»ad 
been  accumulated  by  water  alone.  Indeed,  not  only  the  dike  itself, 
but  the  whole  horiisontal  surface  exliibits  jiroofa  that  there  lias  been 
&  glacier  here,  for  the  plain  exactly  resembles  those  adjoining  to  the 
glaciers  presently  exi«tin{^  belweua  Loudtiurd  and  Luuib  tu  Guld- 
braudsal,  where  the  IVofes«or  liad  recently  travelled.  A  ekilfql 
minemlogist  who  accompanied  him,  was  so  struck  with  tlie  »imi- 
Jarity  between  the  two,  that  immediately  on  seeing  that  at  Lomb, 
be  exclaimed  that  the  dike  at  Starenger  must  also  be  a  glacier-dike. 
The  principal  glacier  in  the  valley  of  Boredhus  descends  from  3000 
feet  abuve  the  sea  to  14-00,  with  a  moraine  or  dike  of  earth  and 
•tones  in  front,  from  600  to  800  feet  broad.  Mr.  Esmark  con- 
cludes that  the  Norwegian  mountains  were  anciently  covered  with 
ic«  down  to  the  level  of  the  sea,  and  therefore  tliat  the  sea  itwlf 
Biiut  hare  been  frozen. 


The  facts  and  obsen^ations  just  detailed,  seem 
adequate  to  prove  tliat  tlie  events  of  the  deluge 
involved  such  a  change  in  tlie  terraqueous  constitu- 
tion, as  rendered  the  stirfac*e  of  the  globe  much 
colder  and  moister  than  it  had  previously  been. 
These  causes  reached  tlieir  maximum  at  that  disas- 
trous era,  and  have  ever  since  been  gradually  but 
slowly  abating,  as  I  shall  endeavour  to  show  h\  the 
sequel.  Meanwhile,  it  may  be  proper  to  notice 
a  few  prominent  facts,  indicative  of  the  great  and 
sudden  fail  of  temperatiure  in  northern  regions. 

And,  in  the  first  place,  the  almost  incredible 
number  of  bones  of  fossil  elephants  found  in  nor- 
thern .Siberia,  which  betray  no  marks  of  having  been 
rolled^  or  transported  from  a  distance,  attest  the 
existence  on  itsphiins,  of  huge  herbivorous  animals 
at  that  distant  epoch.     These  demonstrate  that  a 
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vigorous  vegetation  clothed  counti'ies  now  coven 
with  frost  a  great  part  of  the  year,  where  even  ii 
summer,  sterilising  cold  and  humidity  perpetually 
reign,  and  where  at  present  the  reui-deer  can  hardlj 
pick  up  from  beneath  the  snow  its  scanty  moutlii 
of  moss. 

Pallas  says  that  from  the  Don  (the  Tanais)  to  Tchnt«koin< 
there  is  scarcely  a  river,  on  the  banks  of  which,  bones  of  the  anew 
elephant  may  not  be  found.  They  are  imbedded  iu,  or  loosely  roT« 
ered  with  di)uWa]  matter,  intemiixed  with  a  few  marine  prodi 
tioos.  But  the  most  extraordinary  fart,  one  [>erfectly  accordanljl 
however,  with  our  principles,  i<i  ttiatof  all  places  in  the  world 
thickly  stored  with  etephantt'  bones,  are  certain  islands  vf  the  l<j\ 
sea,  to  the  north  even  of  Siberia,  opposite  the  whore,  which 
rates  the  mouth  of  the  Lena  from  lliat  of  the  Indi^^ka. 
Liaikof  isles  are  in  a  great  mcBAure  formed  of  bones  of  theelepbao^ 
rhinoceros,  bnfialo,  Sic,  mixed  with  sund  and  fossil  wood.  Then 
is  indeed  no  canton  of  Siberia  whose  soil  does  not  teem  more  or* 
less  with  elephants*  bones. 

Whether  these  animals  in  their  li\nng  state  wereJ 
covered  with  woolly  hair  at  tlie  roots  of  their  long 
hair,  like  that  whose  carcass  was  disengaged  so 
entire  from  a  field  of  ice  on  the  banks  of  the  Lena 
in  1803,  that  the  do*^s  and  white  beais  fed  upon 
its  flesh,  or  whether  they  had  naked  skins,  like 
existing  elephants,  still  they  must  have  required  an 
enormous  suj)ply  of  vegetable  food.  Their  gigan. 
tic  companions,  the  rhinoceros,  hippopotamus, 
mastodon,  and  tapir,  also  imply  the  existence  of 
luxuriant  herbage  to  satiate  their  voracious  appe- 
tites. The  fresh  carcass  manifestly  shows  that  the 
animal  perished  along  witli  its  kindred,  in  a  sudden 
revolution,  accompanied  by  a  sudden  change  o( 
climate,  which  prevented  the  rapid  decomposition 
of  its  flcsii  and  their  bones,  which  must  have  taken 
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place  had  the  hot  climate  continued  which  raised 
their  vegetable  food.  "  Every  hypothesis,"  says 
Baron  Cuvier,  "  of  a  gradual  cooling  of  the  earth, 
or  a  slow  variation  in  either  the  ijiclination  or  the 
position  of  the  axis  of  the  globe,  is  inadmissible." 

^  At  the  present  day,  neither  tlie  tmk,  xhn  Im/cl,  the  elder,  the 
plane,  nor  ihp  wHhl  applw  ran  f^mlurp  thi?  SilM-riaii  winters.  These 
trees  tlUappeor  in  the  neighhouihood  of  the  Urahan  mountains,  even 
on  the  banks  of  the  river  Tobol,  a  prmligiows  distance  sonthwards 
of  the  elephanU*  gi-avefi.  The  lime  aiul  tlie  a**h  cea*H^  al>out  the 
Irtytfh ;  the  pine  wliich  in  Norway  reaches  tlie  parallel  of  70<», 
docs  not  in  Siberia  pans  tlie  60th  degree.  The  silver  fir  f^oes  no 
further  than  58®.  At  60°  potato!^  are  no  larger  than  peas,  and 
the  cabbage  ^rovrs  no  head.  On  the  ea»tci'n  aide  of  the  Lena,  even 
the  Pinus  ccmlm,  or  Siberian  cednr,  tho  most  hardy  of  trees, 
becomes  (piite  dwarfish,  though  it  still  preserves  iu  proportions. 
The  pt/nts  harcata  or  wild  pear  of  Dauoriii  yields  merely  a  tasteless 
frnit,  of  the  size  of  a  cherry.  In  Western  Siberia  on  the  Obi, 
agriculture  disappears  at  the  GOth  degree  of  latitude.  Thus  three- 
fifths  of  Miheria  jire  not  susceptible  of  any  culture.* 

Secondly,  tlie  ruins  of  vegetable  life  buried  in 
our  frozen  circiinipolar  strata,  clearly  attest  the 
genial  climate  which  prevailed,  and  cherished  their 
growth  on  the  primeval  eartii. 

Mr.  Kirnig  of  the  British  Museum  who  has  drawn  up  an  excel- 
lent report  on  the  rock  speciinens  collected  by  Captain  Parry, 
during  liift  northern  voyage  of  discovery  performed  in  the  yeara 
181 9  and  18^0,  gives  ua  the  following  interesting  information  con- 
cerning Melville  Island  ; 

"  The  principal  formation  of  the  island  appears 
to  be  the  floetz  sandstone,  with  the  subordinate  one 
of  coal  and  ironstone.  Tlie  two  specimens  of  sand- 
stone, containing  the  above  mentioned  fossils,  trilo- 


*  Malte  Brun,  Geography,  vol.  IL  Book  37. 


494       BOOK   III.-CHAP.  V.-DELUGE  DESCRIBED.  I 

bite  and  joints  of  the  stem  of  an  enmnuSy  are  pretty] 
similar  in  appearance  to  those  others  brought  frooH 
Melville  Island,  which  abound  with  the  vegetabltj 
Ltemains  characteristic  of  the  coal  sandstone.  Thcsd 
are  for  the  most  part  merely  impressions,  and  filmjTJ 
carbonaceous  remnants  of  leaves  (or  fronds  with] 
ovate-lanceolate  leaflets)  and  stems  which,  by  their] 
regularly  phiced  oval  marks,  indicate  that  the  prM 
totypes  belonged  to  the  arborescent Jems^  which  w« 
observe  in  such  great  abundance  in  the  coal  sand-1 
stone  of  more  southern  latitudes  ;  a  proof  that  ///< 
hyperborean  region  where  they  occur^  at  one  limel 
displayed  the  noble  scene  of  a  luxuriant  and  stateM 
^vegetation.  There  is  also  among  the  specimens  of] 
sandstone  from  the  same  place,  one  bearing  the] 
impression  of  a  thin,  longitudinally  striated  stemt] 
not  unlike  that  of  some  reed." — Journal  ofScience^\ 
vol,  XV.  p.  SO.  m 

In  tltp  firtit  rn^ciruluR  of  StpniHprg*!i  Flnra  of  a  form«r  vorl^tl 
tbore  are  thirteen  tiguren  of  (ItiTerent  unknown  tree!*}  many  of  wtidn 
belong  to  the  family  of  palm».     All  the  jB^enera  ennmerateil  in  thil  I 
valnftlilo  work,  ajc   met  with    in   the  coaUHelds  of    Scotland  and  | 
England,  and  one  of  tfiem  has  been  obHerved  in  n  piece  of  sandftofM  j 
brought  from  Melville  Island  by  the  discovery  ships.     The  Cato' 
mythU  pietutO'fjambttsifi,  represented    by  Stfrnberp,  Table  XIIK 
Fig.  S,  is  HO  eomptptoly  hke,  In  the  jointed  armnireniont  of  its  4lcm, 
&c,  to  the  palmar  figured  in  2,  5,  and  6,  of  the  trarpla  of  Prince   i 
Newied  in  Brazil,  that  althongh  the  flpccieii  cannot  he  ih  liiiiJim^  i 
there  is  a  perfect  resemblance  in  the  ^ueric  characlerB.  J 

Two  of  the  enigmatic  phenomena  belonging  to  4 
the  primeval  globe,  for  which  no  probable  hypo- 1 
thesis  has  hitherto  been  offered,  seem  therefore  to  be  ] 
directly  dediicible,  or  rather  spontaneously  flow, 
from  the  princijiles  of  terraqueous  distribution  pre- 
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viously  developed.  The  first  enigma  is  the  vast 
extent  and  magnitude  of  volcanic  agency  in  that 
ancient  world,  as  indicated  especially  in  its  basaltic 
facades  and  domes  of  porphyry  ;  compared  to  which 
every  volcanic  monument  erected  -within  the  scope 
of  history,  shrinks  into  insignificance. 

If  the  antediluvian  seas  had  a  superficial  area,  leas 
than   ours,  their   depth   would   be   proportionally 
greater.    Resuming,  for  the  sake  of  illustration,  our 
fonner  ratio  of  an  equality  between  the  land  and 
water  (the  doctrine  of  Deiuc  and  Penn  assigns  3  of 
the  former  to  1  of  the  latter),  the  antediluvian  ocean 
would  be  to  the  postdiluvian  in  surface  as  ^  to  8 ; 
and  in  depth  as  3  to  ^  ;  whence  the  sea  would  then 
penetrate  one-half  further  into  the  crust  of  the  eartli, 
and  thus  present  along  its  base  a  most  tbrmidable 
line   of  proximity  with    the  fused   and   explosive 
metals  of  the  interior.     We  may  thus  also  perceive 
►n  what  a  tottering  equilibrium,  the  devoted  dwel- 
ling-place of  the  Cainites  was  suspended.     During 
nearly  the  whole  period  of  its  existence,  the  penal 
fire  sent  forth  its  convulsive  prodigies,  as  if  to  repress 
the   growing    wickedness   of   man,   but  in   vain. 
Mighty  memorials  of  these  tremendous  earthquakes 
pervade   the    wliole   masonry  of  the  antediluvian 
earth,  from  the  deep  carboniferous  limestone,  to 
the  uppermost  tertiary  beds.     After  many  a  disre- 
I     garded  presage,  however,  the  disruptive  consum- 
mation arrived,  the  deluge  rushed  over  the  subverted 
I     lands,  and  a  more  stable  terraqueous  equilibrium 
i_  ensued.     Yet,  for  some  time,  the  residuaiy  diluvial 
■:*(raters,  would  soak  freely  down  into  the  still  yawning 
■crevices  of  the  crust,  and  provoke  fresh  eruptions. 
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To  tk  mtMOj  prooB  of  tios  proposidon  formerlT 
gtveo,  we  sbaD  add  a  few  dedstve  documents. 

The  observatioos  made  during  our  four 
expeditiaos»  viz^  the  one  under  Captain  Ross,  and 
the  three  under  Captain  Pstny,  afford,  according 
Professor  Jameson,  the  following  general  facts 
inferences : 

"  That  previous  to  the  deposition  of  tlie  coal  for- 
mation, as  that  of  Mel>-ille  Island,  the  transition 
and  primitive  hills  and  plains  supported  a  ricli  axul 
luxuriant  vegetation,  principally  of  cr\*ptogamou4 
plants,  especially  the  ferns,  the  prototypes  of  which 
are  now  met  with  only  in  the  tropical  regions  of 
earth.  The  fossil  corals  of  the  secondary  limesti 
also,  intimate  that  before,  during,  and  al>cr 
deposition  of  the  coal  formation,  the  waters  of  the 
ocean  were  so  constituted  as  to  support  polffparih 
closely  resembling  those  of  the  prCvsent  equat 
»ca«." 
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"  That  previous  to*  and  during  the  deposition  of 
the  tertiary  strata,  these  nozv  frozen  regions  sup- 
ported Jhrests  of  dicotyledinous  plants,  as  is  shown 
by  the  fossil  dicotyledinous  woods  met  with  in  con- 
nexion with  these  strata  in  Baffin's  Bay,  and  by  the 
fossil  wood  of  Melville  Island,  Cape  York,  and 
Byani  Martin  Island."* 

Tlie  heat  applied  beneath  the  seas,  in  exciting 
the  internal  motions  of  the  aqueous  particles, 
caused  an  equal  distribution  of  warmth  throughout 
the  whole  body,  and  in  every  possible  direction. 
Though  the  slanting  sunbeams,  therefore*  should 
have  proved  ineffectual  to  produce  in  the  ancient 
arctic  regions  even  under  their  diminished  coun- 
teracting extent  of  evaporation,  a  sufficient  warmtli, 
yet  the  liot  currents  from  tlie  bottom,  not  only  of 
the  arctic  grounds  themselves,  but  from  the  more 
southern  sea-beds,  woidd  by  the  laws  of  liquid 
equilibrium,  flow  towards  the  pole  in  exchange  for 
its  colder  aqueous  particles,  and  thus  maintain  a 
temperature  commenaurate  toavngorous  vitaUtyof 
the  polyparies  and  shellfisli.t 

The  circidation  of  a  body  of  waters  thus  rendered 
tepid  by  subjacent  heat,  was  the  most  direct  method 


•  Edin.  Phil.  Joum.  New  Series,  vol.  11.  p.  103;  and  Capt.Pcrrj''8  third 
voyage.  Captain  Parry  otiscrvcci  only  12  or  13  species  of  plants  grow- 
ing on  Melville  Island,  among  which  the  only  one  belonging  to  the  tribe 
of  shrubs,  was  brtula  nana^  which  was  there  a  creeping  v^etablc,  nut 
rising  two  inches  above  the  groupd.  No  amphibia,  of  reptile,  exists  ilt 
these  arctic  regions.    The  frog  alone  is  seen,  but  iurther  to  the  south. 

t  The  effect  of  subtcrmnean  fire  in  hcQtin^;  a  vast  body  of  water,  even 
to  the  boiling  point,  and  the  stoem  over  it  under  compression,  much 
higher,  is  well  related  by  Mr.  Bald  in  bis  memoir  on  tho^m  that  take 
place  in  cotiicries,—Edin.  PhU,  Joum.,  ./w/y,  1828. 
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of  diffusing  a  genial  soft  climate  over  all  the  con- 
tiguoiis  lands.  The  efficiency  of  this  process  vnH 
be  readily  appreciated  by  the  modem  horticulturist^ 
who  has  learned  to  heat  his  vineries,  &c.  with  eco- 
nomy and  precision,  by  circulating  hot  water  in  a 
series  of  iron  pipes  distributed  through  them. 

Under  such  chcumstances  as  we  have  now 
detailed,  that  vegetation  would  luxuriate,  which 
Mr.  Konig  and  Professor  Jameson  have  so  fully 
recognised  amid  the  circumpolar  ruins  of  the 
ancient  earth.* 

I  am  not  conscious  of  having  employed  in  the 
preceding  investigation,  any  causes  whose  operation 
is  not  both  actual  and  sufficient  to  explain  the^ 
appearances.     I  leave  others  to  speculate  about  th< 
igneous  origin  of  the  globe,  and  its  ha\'ing  sponi 
neously  evolved  during  an  indefinite  period  of  refr 
geration,  successive  orders  of  organic  forms.    Thi 
hypothesis  is    founded    neither   on    natural    n( 
revealed  knowledge  ;  nor  will  it  accord  with  th* 
great  and  sudden  crises  of  temperature,  which  innu< 
merable  monuments  attest.     Baron  Cuvier  indeed 
has  placed  the  suddenness  of  these  ancient  revolu- 
tions of  the  earth  and  animated  nature,  beyond  all 
rational  doubt. 


CHAP.  VI— ANIMAL  REMAINS  OF  THE  DELUGE. 

I  HAVE  already  described  in  Chap.  Lof  this  Boolc» 
that  superficial  stratum  of  mingled  sand  and  gravel 

*  The  chilling  influence  of  damps,  even  in  the  arctic  tone;  ia  irD 
shown  by  the  fact,  ihat  during  foggy  weather,  the  thennometer  falls  oa 
ibc  Greenland  seas  in  tummcr  to  the  freezing  point  of  water,  and  th«ft 
remains  stationary,  till  the  sky  becomes  clear. 
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which  covers  almost  every  region  of  the  earth,  in 
situations  beyond  the  reach  of  river  deposits,  and  to 
which  the  name  diluvium  has  been  given,  to  denote 
the  detritus  of  the  deluge.  It  is  in  this  gmvelly 
soil  that  the  fossil  bones  of  ancient  animals  are 
usually  found.  But  kindred  skeletons,  or  their 
parts,  have  been  also  discovered  in  great  numbers 
in  the  limestone  caves  of  this  and  many  other  coun- 
tries, which  are  supposed,  with  much  probabihty,  to 
have  been  the  dens  of  antediluvian  animals,  the  last 
tenants  of  which  were  drowned  in  the  universal 
cataclysm.  I  shall  dedicate  this  chapter  to  a  brief 
but  comprehensive  view  of  these  bony  relics,  select- 
ing the  most  interesting  objects,  and  describing  in 
particular,  the  principles  of  tliat  marvellous  sagacity 
by  which  MM.  Cuvicr  have  taught  the  man  of 
science  to  determine,  almost  at  a  single  glance  of 
tlie  eye,  the  order,  family,  and  species  of  an  extinct 
animal,  from  the  inspection  of  a  single  tooth.  The 
more  ancient  organic  remains  of  the  regular  secon- 
dary and  tertiary  strata  were  examined  in  treating 
of  their  sepulchres.  They  bear  good  evidence  of 
having  been  inurned  at  a  period  long  antecedent  to 
the  deluge. 

These  physical  researches,  elevate  the  mind  above 
objects  simply  material ;  they  inculcate  great  moral 
truths.  In  demonstrating  that  our  earth  is  not 
peopled  with  the  same  species  of  animals  which 
existed  in  the  parent  world,  they  display  the  renew- 
ing hand  of  Providence.  The  fossil  elephants,  rhin- 
oceroses, bears,  hyaenas,  &c.  exhibit  both  in  the 
individual  bones,  and  their  mutual  adaptation, 
essential  differences  from  all  their  living  types.     We 
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thence  conclude  that  the  divine  power  which  raised 
the  new  earth  out  of  the  niins  of  the  old,  must  have 
created  new  animals  to  suit  the  changed  terraqueous 
constitution.     The  races  preserved  in  the  ark  ke] 
seed  alive  for  the  immediate  use  of  Noah*s  family 
These  animals  providentially  transported  aloi 
with  them,  would  become  domesticated  during  th< 
dreary  voyage,  and  therefore  ready  to  tend  theii 
respective  services  to  their  masters,  as  soon  as  tliej 
were  disembarked.     We  may  easily  conceive  hoi 
necessary  and  beneficial  the  collective  resources 
brute  power,  and  of  brute  instinct,  might  prove 
eight  human  beings  newly  alighted   on  a  stranj 
eartli.     Besides  the  aid  of  their  muscular  exertion; 
they  furnished  in  their  flesh  a  species  of  food,  novri 
become  necessary  by  tlie  great  change  of  terrestrii 
climate,  from  ardent  and  dry,  to  chilly  and  damp«j 
Hence,  animal  diet  was  not  merely  permitted,  bu! 
enjoined,  instead  of  the  vegetable  aliments,  to  which 
mankind  in  the  sultry  period  prior  to  the  deluge^^ 
had  been  restricted.     It  would,  indeed,  be  difficull 
to  imagine  adequate  ?ialural  sources  of  subsistence, 
tor  the  tamily  of  Noah,  unless  they  had  been  sup-.^ 
plied  with  herds  of  animals  of  many  kinds,  deprived 
of  their  natural  timidity  or  fierceness,  by  Uic  daily 
intercourse  and  kind  oflices  of  mjin. 

The  term  a// applied  to  the  living  things  received 
into  the  ark,  has,  in  tliis  case,  undoubtedly  the 
modified  meaning,  so  familiar  to  students  of  the 
oriental  tongues,  and  which  was  formerly  illustrated 
by  two  decisive  parallel  passages,  from  the  Greek  and 
Hebrew  Scriptures.  Had  the  present  race  of  quad- 
rupeds been  lineal  descendants  ojf  the  antcdiluviaot 
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we  may  ask  whence  proceed  those  3pecific  differ- 
ences in  bony  structure,  of  which  no  corresponding 
examples  occur  among  the  skeletons  of  our  existing 
species,  however  widely  they  may  differ  in  breed, 
or  place  of  residence  ?  Thus  the  dog,  the  sheep, 
the  horse,  the  ass,  retain  their  osteology  unchanged, 
under  every  climate  and  variety  of  external  circum- 
stance. The  comparative  anatomist  can,  in  fact, 
recognise  no  such  diversities  of  structure  between 
the  several  individuals  of  any  one  living  species,  as 
are  known  to  distinguish  the  actual  elephants,  from 
the  extinct. 

Had  all  our  present  animal  tribes,  been  propa- 
gated fjom  the  ark  which  rested  on  Ararat,  or  some 
other  lofty  mountain  in  Asia,  how  comes  it  that  the 
kanguroo,  echidne,  ornithorj'nchus,  and  wombat, 
are  now  confined  to  New  Holland?  Not  an  indivi- 
dual of  any  of  these  remarkable  species,  has  been 
found  in  Europe,  Asia,  Africa,  or  America.  Their 
absence  cannot  be  ascribed  to  iinsuitableness  of 
chmate,  for  the  kunguroo  and  wombat  have  thriven 
well  in  England ;  and  surely  our  immense  continents 
offer  them  every  variety  of  food  and  accommodation. 
Moses  by  his  silence,  on  the  great  fact  of  the  face 
of  tlie  earth  being  revived  by  the  Creative  Spirit 
which  peopled  it  at  first,  can  in  nowise  be  said  to 
contradict  it  The  critic  who  should  construe 
omission  into  denial,  would  find  abundant  contradic-. 
tions  of  that  sort,  in  all  sacred  and  profane  historians. 

Those  who  regard  all  oiu*  actual  animals  as  the 
offspring  of  tJie  primeval  parents  which  travelled 
through  the  isthmus  of  tlie  ark,  will  in  vain  seek  for 
types  of  our  most  prolific  existing  races   anrvong 
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those  diluvial  ruins,  where  innumerable  exuviaffi 
of  the  elephant,  the  bear>  the  horse,  the  ox,  the] 
deer,  are  found.  The  ruminant  class  of  quadrupedij 
are  among  the  most  abundant  on  our  earth,  yetj 
Cuvier  after  all  his  inquiries,  declares  that  he  hail 
never  been  able  to  find  a  single  characteristic  bone 
of  sheep,  goats,  antelopes,  camelopards,  camels, 
lamas,  or  roebucks.  '*  I  can  only  say  with  ceN 
tainty,  that  I  liave  never  seen  a  frontal  bone,  ai 
nucleus  of  horn,  an  anterior  piece  of  jaw,  an] 
occiput,  in  a  word  a  characteristic  bone  belongingi 
clearly  to  any  one  of  these  genera,  which  very] 
certauily  could  not  have  happened,  after  the! 
researches  which  I  have  made  and  others  for  me^j 
during  twenty  years,  had  these  genera  been  onM 
one-tenth  as  numerous,  among  the  fosssil  ones,  ad 
those  of  deer  or  oxen.  Nothing  in  the  actuaU 
gtate  of  our  globe,  says  he,  can  account  for  thiJ 
absence.  It  is  not  the  climate,  for  the  antelopd 
thrives  in  hot  climates,  like  the  elephant  andl 
rhinoceros;  the  mouflons,  (the  Corsican  sheep,)J 
the  chamois,  the  bouquetins,  inhabit  cold  countries  1 
like  oxen  and  deer.  It  is  not  the  smallness,  fori 
there  exist  antelopes  larger  than  deer ;  and  the' 
bouquetin,  and  the  mouflon  surpass  the  rausk  deer] 
which  is  found  among  fossil  animals;  without! 
adverting  to  that  multitude  of  very  small  gnawer^ 
or  carnivorous  tribes  which  their  minuteness  Imi 
not  concealed  from  our  investigations.  If  any 
tiling  can  appear  singular,  amid  so  many  singidari-i 
ties,  it  is,  that  the  fossil  ruminants  belong  precisem 
to  genera  and  even  sub-genera,  at  present  roorei 
common  in  the  cold  countries,  such  as  the  auroch. 
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musK-ox,  elk,  rein-deer,  while  the  fossil  pachyder- 
niata  (thick-skinned  order)  such  as  the  elephant, 
the  rhinoceros,  the  hippopotamus,  the  tapir,  fall  on 
the  contrary  under  genera,  now  confined  to  the 
torrid  zone,*** 

Another  remarkable  fact  which  favours  the  idea 
of  the  existing  animals  of  the  torrid  zone,  not 
being  derived  from  the  species  whose  remains  are 
found  in  oar  strata  and  caverns,  is  that  among  this 
multitude  of  great  and  little  bones,  not  one  belong- 
ing to  the  genus  qiiadntmanis  (ape-tribe)  has  been 
found.  Among  tliose  lions,  tigers,  rhinoceroses, 
elephants,  there  is  no  trace  of  a  monkey ;  nor  is  it 
the  minuteness  of  the  bones  which  obstructs  their 
discovery,  since  fossil  bones  of  the  common  rat 
and  water-rat  have  been  detected.  How,  for 
instance,  can  we  explain  why  those  Kirkdale 
hysenas  which  dragged  into  their  dens,  the  dead 
bodies  and  limbs  of  both  the  greatest  and  smallest 
quadrupeds,  should  never  have  introduced  an  ape 
or  a  maki,  imless  it  be  supposed  that  no  such  ani- 
mals existed  in  that  neighbourhood  at  the  time. 

The  theologian  may  probably  recognise  in  the 
picture  of  the  deluge  so  sublimely  sketched  in  the 
IQtth  Psalm,  allusions  which  favour  the  idea  of 
the  postdiluvian  earth  having  been  peopled  with 
animals  by  a  new  creative  fiat :  whde  through  Noah, 
mankind  are  all  the  children  of  Adam.  "The 
waters  stood  above  the  mountains ;  at  thy  rebuke 
they  fled ;  at  the  voice  of  thy  thunder"  (volcanic 
explosion?)    "  they  hasted  away.      The  mountains 

•Osseroeri!)  FosmIw,  IV.  2»  a 
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ascend^  tlie  valleys  descend  •  unto  the  place  which 
thou  hast  founded  for  them.  Thou  hast  set  a 
bound  that  they  may  not  pass  over  5  that  they  turn 

not  again  to  f^ovei*  the  earth Thou  hidest  thy 

face,  they"  (beasts  both  small  and  great)  "are 
troubled  ,  thou  takest  away  tlieir  breath,  they  die, 
and  return  to  their  dust.  Tliou  sendest  Jorth  thy 
Spirit,  they  are  created ;  and  thou  renewest  the  Jace 
<f  the  earth,'' 

The  language  of  the  last  sentence  must  surely 
mean  something  more  than  the  generation  of  ani- 
mals, and  the  propagation  of  plants,  in  the  ordinary 
way.     Can  it  be  so  applied  without  profanation  ? 

The  difference  between  the  diluvial  skeletons,  and 
those  of  their  existing  types  must,  as  we  have  said, 
be  deemed  a  strong  testimony  to  the  universality  of 
the  deluge*  Had  herds  of  these  ancient  quadrupeds, 
the  fossil  elephants  for  example,  escaped,  we  should 
surely  find  some  of  their  progeny  alive.  They 
were  exceedingly  numerous  of  old, — swanning  in 
almost  every  countiy,  to  a  degree  not  equalled  on 
the  present  earth,  as  we  may  infer  from  the  vast  mul- 
titudes of  their  exuvife  which  now  remain,  besides 
the  far  greater  quantities  of  their  bones  wliich  muat 
have  mouldered  into  dust.  That  their  anatomical 
structure  could  graduate  or  merge  into  that  of  our 
actual  races,  no  physiologist  will  believe  to  be  pos- 
sible \  they  must  therefore  have  all  perished,  and 
been  replaced  by  a  new  breed  ;  Noah's  stock  prob- ' 
ably  dying  out  in  the  course  of  a  few  generations. 

Tliese  monuments  of  antediluvian  being,  cannot 

*  Tliese  descriptive  words  in  Italics  arc  the  Hebrew  text,  as  printed 
in  the  mnrgin  of  our  Bibles. 
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be  viewed  without  profound  emotion.  In  exhuming 
from  their  earthy  beds,  or  spar-bespangled  vaults, 
the  rehcs  of  that  primeval  world,  we  seem  to  evoke 
spirits  of  darkness,  crime,  and  perdition  ;  we  feel 
transported  along  with  them  to  the  judgment-seat 
of  the  Eternal,  and  hear  the  voice  of  many  waters 
coming  to  execute  the  sentence  of  just  condemna- 
tion, on  an  "  earth  corrupt  and  filled  with  violence." 
The  powers  of  prophecy  overshadow  us.  The  bony 
fossil  starts  to  life,  and  conjuies  us  in  mysterious 
uiutterings,  to  flee  from  the  wratii  to  come.  How 
solemn,  to  walk  through  this  valley  of  death  !  Me- 
thinks  the  very  stones  cry  out,  "  The  Lord  reigneth ; 
righteousness  and  judgment  are  the  habitation  of 
his  throne." 

Such  a  dismal  ruin  of  all  organic  beings,  such  a 
derangement  of  the  fair  frame  of  nature  seem  to  be 
irreconcilable  difficulties  in  Natural  Theism.  For 
is  not  the  wisdom  of  God  impeached  in  constructing 
a  world  on  foundations  so  infirm  ;  his  prescience  in 
peopling  80  precarious  an  abode,  with  countless 
myriads  of  exquisite  mechanisms  ;  and  His  goodneSvS 
iu  plunging  indiscriminately  G\QTy  tribe  and  family 
of  his  sentient  oflspring  in  mortal  agony  and  death  ? 
A  creation  replete  with  beauty  and  enjoyment,  sud- 
denly transformed  by  its  Creator's  mandate  or  per- 
mission  into  a  waste  of  waters,  is  a  moral  pheno- 
menon which  certes  no  system  of  ethics  can  explain. 
Here,  metaphysics,  the  boasted  mistress  of  mind, 
with  all  her  train  of  categories,  stands  at  fault. 
But  here,  il'  reason  will  deign  to  forego  its  pride, 
and  implore  the  aid  of  a  superior  light,  the  Hebrew 
prophet  will  lift  up  the  dark  vyil  from  the  primeval 
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scene.  In  revealing  the  disobedience  of  Adam,' 
the  atrocious  guilt  of  Cain,  and  the  pestilence  of' 
sin,  almost  universally  spread  among  their  progeny, 
he  shows,  alas  !  too  clearly,  how  justice  outraged, 
and  mercy  spurned,  inevitably  called  forth  the  final 
lustration  of  the  deluge.  This  conclusion,  no 
philosopher  can  reasonably  gainsay,  who  considers 
man  as  a  responsible  agent,  and  this  earth  with  all 
its  apparatus  of  organic  life,  as  mainly  subservient 
to  his  moral  and  intellectual  education. 

Before  entering  on  our  description  of  these  ancient 
animals,  we  shall  explain  tlie  principles  by  which 
their  scattered  bones  may  be  recognised  and  rejoined. 
There  is  in  organic  beings  a  correlation  of  forms 
appropriate  to  each,  whereby  the  individual  can  be 
determined  from  every  one  of  its  fragments.  Each 
animal  constitutes  a  whole,  one  systematic  cycle, 
whose  parts  are  in  mutual  correspondence,  and 
concur  to  the  same  tlefinite  action,  by  a  reciprocal 
reaction.  None  of  tlie  parts  can  change,  without 
a  symmetrical  change  in  the  otliers;  and  hence, 
each  taken  by  itself,  indicates  and  gives  all  the  rest* 

Thus,  if  the  intestines  of  an  animal  are  organised 
so  as  to  digest  only  raw  flesh,  its  jaws  must  be  con- 
structed for  devouring  its  prey  j  its  claws  for  seiz* 
ing  and  tearing  it  asunder ;  its  teeth  for  cutting 
and  dividing  it ;  the  entire  system  of  its  organs  of 
motion  for  pursuing  and  overtaking  it,  its  organs  o( 
sense  for  descrying  it  at  a  distance;  and  even  \U 
brain  must  be  qualified  for  exercising  the  instinct 
of  self-concealment,  and  the  art  to  ensnare  its  vio- 


•  CuTier,  Ossemens  Fossiles,  Discours  Preliminairc,  p.  ihr. 
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tims.  Such  are  the  general  conditions  of  the  carni- 
vorous temperament;  every  animal  endowed  with 
which,  must  combine  them  all,  for  otherwise  its 
race  could  not  subsist.  Under  the  general  condi- 
tions, however,  there  are  peculiarities,  relative  to 
the  size,  species,  abode  of  the  prey  which  the  ani- 
mal prefers  ;  and  from  each  of  these  peculiar  con- 
ditions, result  modifications  of  detail,  in  the  forms 
emanating  from  the  general  conditions.  Hence, 
not  only  the  class,  and  order,  but  the  genus,  and 
even  the  species,  are  found  to  be  expressed  in  the 
form  of  every  part. 

■  In  fact,  the  jaws  could  not  seize  the  prey,  with- 
out a  certain  form  of  condyle ;  without  a  certain 
Tatio  between  the  point  of  resistiince  of  the  object, 
point  of  application  of  the  power,  and  the  fulcrum ; 
without  a  certain  bulk  of  temporal  muscle,  corre- 
sponding to  a  certain  extent  of  bony  cavity  to  receive 
bit,  and  a  certain  convexity  of  zygomatic  arch  to 
Blet  it  pass  tlirough  ;  and  this  arch  must  have  a  cer- 
Btain  strength  to  give  a  bearitig  to  the  masseter 
1^  muscle. 

For  the  animal  to  carry  off  its  prey,  it  must  pos- 
sess a  certain  strength  in  the  muscles  which  lift  its 
head,  whence  results  a  determinate  form  in  the  ver- 
tebrse  to  which  the  muscles  are  attached,  and  in 
Bthe  occiput  where  they  are  inserted. 
^*  But  the  teeth  cannot  cut  the  flesh,  without  being 
sharp  edged  or  pointed,  and  that  in  a  greater  or 
less  degree  according  as  they  are  more  or  less 
exclusively  confined  to  the  cutting  of  flesh.  Tlieir 
base  must  be  solid  in  proportion  to  the  number  and 
size  of  the  bones  which  they  have  to  break.     All 
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these  circumstances,  moreover,  have  ao   influent 
on  the  development  of  every  part  subservient  tai 
the  movements  of  the  jaws. 

In  order  that  the  claws  may  be  able  to  seize  that 
prey,  they  must  have  a  certain  mobiUty  in  tlie  toea, 
a  certain  strength  of  nails,  whence  will  result  deter*] 
minate  forms  in   all  the  phalanges  (joints)»  BSim 
necessary  distributions  of  muscles  and  tendons^ 
The  foreleg  must  have  a  cerUiin  facility  of  turning' 
about,  which  implies  appropriate  forms  in  it*  com- 
ponent bones ;  and  as  the  bones  of  tlie  foreleg  arei 
articulated    with    tlie    humerus^   they   caiinot    be 
changed,  without  inducing   changes  in  it.     The 
shoulder  l)onc  must  have  a  certain  degree  of  firm- 
ness in  the  animals  that  employ  their  forelegs  in 
seizing  bodies,  whence  peculiar  forms  arise.     The 
play  of  tliese  several  parts  will  require  certain  pro- 
portions in  the  whole  of  their  muscles  ;  and  the 
impressions  of  muscles  thus  proportioned  will  deter- 
mine also  more  especially  the  forms  of  the  bonett. 

We  can  easily  see  tliat  similar  conclusioiis  may 
be  formed  as  to  the  posterior  extremities,  wliich 
contribute  to  the  rapidity  of  the  general  motions  j 
as  to  the  composition  of  the  tnmk,  and  the  forms 
of  the  vertebras  which  involve  tlie  facility, 
flexibility  of  these  motions ;  and  as  to  the  formfi 
of  the  bones  of  the  nose,  of  the  orbit,  of  tlie  ear,  on 
account  of  their  obvious  relations  to  the  perfec- 
tion of  tlie  senses  of  smelling,  seeing,  and  hearing* 

In  short,  the  form  of  the  tooth  entails  the  form 
of  the  condyle  j  and  that  of  the  shoulder  blade,  the 
form  of  the  nails,  just  as  tlie  equation  of  a  curve 
includes  all  its  properties;  ;uul,  as  by  assuming 
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each  property  separately  as  the  base  of  a  particular 
equation,  we  should  reproduce,  both  the  ordinary 
equation,  and  all  its  properties  whatsoever,  so  the 
nail,  the  shoulder  blade,  the  condyle,  the  thigh 
bone,  and  all  the  other  bones  taken  separately,  give 
the  tooth,  or  are  given  by  it  in  their  turn.  In  start- 
ing, therefore,  from  any  one  of  them,  the  naturalist 
who  possesses  a  thorough  knowledge  of  the  laws  of 
the  organic  economy,  could  reconstruct  the  entire 
animal. 

•  This  principle  in  its  general  acceptation,  is  suffi- 
ciently evident,  without  any  further  demonstration; 
but  in  attempting  to  apply  it,  a  great  many  cases 
^occur  where  our  theoretic  knowledge  of  the  rela- 
tions of  the  forms,  would  be  insufficient,  without  the 
aid  of  observation. 

We  perceive,  for  example,  that  hoofed  animals 
must  be  ail  herbivorous,  since  they  have  no  means 
of  laying  hold  of  prey ;  we  see  also,  that  having  no 
other  use  of  their  fore-feet  than  to  support  the 
weight  of  their  bodies,  they  have  no  need  of  a 
shoulder  so  powerfully  constructed.  Hence  their 
want  of  the  clavicle  and  acromion,  and  the  nar- 
rowness of  their  shoulder  blade-  Having  besides 
no  occasion  to  twist  their  foreleg,  their  radim  will  be 
soldered  to  tlicir  idna^  or  at  least  articulated  by  tlie 
hinge,  and  not  the  socket  joint  with  the  humerus ; 
their  herbivorous  diet  will  require  flat  crowned 
teeth  for  bruising  seeds  and  plants ;  the  crown 
must  also  be  unequal,  from  the  alternation  of  the 
enamel  and  osseous  portions ;  this  kind  of  crown 
demanding  horizontal  movements  in  trituration,  the 
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condyle  of  the  jaw  bone,  will  not  be  so  confined 
a  hinge  as  in   carnivorous  animals,  but  must 
flattened,  corresponding  to  a  more  or  less  flatteni 
faceile  of  the  temporal   bone;   and   the  tempon 
fosse,  havino;  to  receive  but  a  small  muscle,  will  b< 
narrow  and  of  little  depth.     All  these  things  flo^ 
from  one  another,  according  as  they  are  more 
less  general ;  some  being  essential  and  exclusively 
appropriated  to  animals  with  hoofs ;    and  othei 
tliough  equally  necessary  to  them,  but  not  peculiaii^j 
being  found  likewise  in  some  other  animals,  whei 
the  rest  of  tlie  conditions  permit.     Had  not  obsef'i.l 
vation  infonnod  us,  we  should  not  probably  have] 
divined,  that  all  ruminating  animals  have  a  cloven 
foot,  and  they  alone.     It  is  moreover  doubtful, 
we  should  have  inferred  a  priorif  that  none  but! 
animals  of  this  class  would  have  horns  on  their  I 
forehead ;  and  that  those  of  them  which  had  sharp 
canine  teeth,  would  be  the  only  ones  without  horns. 
Yet  since  tliese  relations  are  uniform,  they  must] 
have  a  sufficient  cause ;  but  as  we  do  not  know  it« 
observation  must  supply  the  deficiencies  of  theory. 
We  thereby  establish  empirical  laws  which  become 
almost  as  certain  as  rational  ones,  when  they  repose 
on  observations  often  enough  repeated.     Whoever 
at  the  present  day  sees  the  print  of  a  cloven  foot, 
may  safely  conclude  that  the  animal  which  lefk! 
that  impression,  chews  the  cud;   a  conclusion  as 
certain  indeed  as  any  in  physical  or  moral  science. 
This  single  foot-print,  then,  affords  to  the  ob- 
server, at  once  the  form  of  the  teeth,  the  form  of 
the  jaws,  the  form  of  the  vertebrae,  and  the  form  of 
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all  the  bones  of  the  legs,  the  thighs,  the  shoulders, 
and  the  pelvis  of  an  animal  which  has  merely 
walked  past  Avithout  being  seen. 

That  there  are  secret  reasons,  however,  of  all 
these  relations,  observation  alone  can  suggest, 
independently  of  general  phUosophy.  In  form- 
ing a  tabular  view  of  these  relations,  we  recognise 
not  only  a  constancy  of  specific  characters,  so  to 
speak,  between  such  a  form  of  such  an  organ,  and 
such  another  form  of  a  different  organ ;  but  we 
perceive  at  the  same  time  a  constancy  in  the  classic 
characters,  and  a  correspondent  gradation  in  the 
development  of  these  two  organs,  winch  display 
almost  to  demonstration,  their  mutual  influence. 

For  example,  the  dental  system,  of  non-ruminant 
hoofed  animals,  is  in  general  more  complete  than 
that  of  ruminant  animals  with  cloven  I'eet ;  because 
the  former  have  either  incisor  or  canine  teeth  in 
both  jaws,  Tlie  structure  of  their  foot  is  in  general 
more  complex,  because  they  have  more  toes,  or 
have  nails  (hoofs)  which  leave  tlie  phalanges  more 
free,  or  a  greater  number  of  distinct  bones  in  the 
metacarpus  and  metatarsus,  or  more  numerous 
tarsal  bones,  or  Sijibula,  more  distinct  from  the  iibia^ 
or  lastly  because  all  these  circumstances  are  often 
combined.  It  is  impossible  to  give  reasons  for  tliese 
relations ;  but  they  are  clearly  not  the  result  of 
chance,  because  whenever  a  cloven-footed  creature 
shows,  in  the  arrangement  of  its  teeth,  some  ten- 
dency to  approach  to  the  animals  under  considera- 
tion, it  exhibits  a  similar  tendency  in  the  conforma- 
tion of  its  feet.  Thus  the  camels  possessing  canine 
teeth,  and  even  two  or  four  incisors  in  the  upper 
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jaw,  have  an  additional  bone  in  the  tarsus,  because' 
their  scaphoid  bone  is  not  firmly  adherent  to  the 
cuboid ;  and  they  have  very  6mall  hoofs,  with  coi 
responding  ungual  phalanges.  The  musk  animali 
in  which  the  canine  teeth  are  strongly  developed; 
have  a  distinct  fibula  along  the  whole  length  of  their 
tibia,  while  the  other  cloven-footed  kind,  havQ^ 
instead  of  a  fibula,  merely  a  small  bone  articulated 
to  the  lower  end  of  the  tibia.  Hence  a  constant 
harmony  subsists  between  two  organs  apparently 
quite  alien  to  each  other ;  and  the  gradations  of 
their  forms  have  an  uninterrupted  correspondent 
even  in  cases  where  we  can  see  no  reason  for  thei 
relations. 

By  adopting,  in  this  manner,  observation   as 
supplementary  means  when  theory  fails,  we  arrii 
at  results  calculated  to  astonish.     The  least  Jaceti 
of  a  bone,  the  smallest  apophysis  (bony  process)  hafl' 
a  determinate  character,  relative  to  the  class,  c 
genus,  and  species,  to  which  it  belongs,    so  thi 
whenever  we  get  merely  an  extremity  of  a  bone  ii 
good  preservation,  we  can,  by  diligent  a]>plicationgj 
and  by  availing  ourselves  with  a  little  address 
analogy,    and    careful    comparison,    determine 
those  things  as  certainly,  as  if  we  had  the  whol 
animal   under  our  hands.      M,   Cuvier  has   oft< 
verified  this  method    on  portions  of  well    knownl 
animals,   belbre  bestowing  confidence  on    it,  with 
regard  to  fossil  species ;   and  it  has  alfbrded  him 
such  infallible  success,  as  to  leave  no  doubt  of  (htf 
certainty  of  its  results. 

He  enjoyed  indeed  every  desirable  co*operatioa« 
His  fortunate  appointment  as  superintendent  of  the 
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Museum  of  Natural  Historjs  joined  to  an  assiduous 
research  for  more  than  25  years,  furnished  him  with 
skeletons  of  all  the  genera  and  sub-genera  of  quatl- 
rupeda,  with  many  species  of  certain  genera,  and 
several  individuals  of  some  species.  With  such 
resources,  it  became  easy  for  him  to  multiply  his 
comparisons,  and  to  verify  in  ail  their  details  the 
applications  which  he  made  of  his  laws. 

In  this  way,  he  has  determined  and  classed  the 
remains  of  nearly  100  quadrupeds,  mammiferous 
or  oviparous.  Considered  in  reference  to  species, 
upwaids  of  70  of  these  animals  were  previously 
quite  unknown  to  naturalists ;  10  or  IS  have  so 
perfectly  resembled  known  species,  that  no  doubt 
can  remain  of  their  identity;  the  others  present 
many  kindred  features  with  known  species,  but  the 
comparison  has  not  hitherto  been  made  in  a  suffi- 
ciently scrupulous  manner  to  remove  all  ambiguity. 
Viewed  in  reference  to  the  genera,  out  of  these  70 
imknown  species  there  are  nearly  40  animals  which 
belong  to  genera  that  are  new.  The  other  species 
are  referrible  to  genera  or  sub-genera. 

It  may  be  useful  also  to  consider  these  animals 
with  respect  to  the  classes  and  orders  to  which  they 
belong. 

Of  the  hundred  species,  about  one-fourth  part 
are  oviparous  quadrupeds,  and  the  rest  are  mam- 
xniferous.  Among  the  latter,  more  than  one-half 
belong  to  non-ruminant  hoofed  animals.  It  would, 
bowever,be  premature  to  establish  onthese  numbers, 
any  conclusions  relative  to  the  theory  of  the  earth, 
because  they  are  not  in  a  necessary  ratio  with  the 
numbers  of  the  genera  or  species  which  may  be 
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buried  in  our  strata.  Tlius  there  have  been  collected 
many  bones  of  tlie  large  species,  which  are  in< 
obvious  to  the  quarriers,  while  those  of  small  specieas 
are  usually  neglected,  unless  accident  should  maki 
them  fall  into  the  hands  of  a  naturalist,  as  was  thai 
case  at  the  Kirkland  cave,  with  Professor  Bucklandf 
or  unless  some  peculiarity,  as  their  extreme  abun- 
dance in  certain  places,  should  attract  the  attention 
of  the  vulgar. 

That  the  extinct  species  are  not  varieties  of  the' 
living  species,  M.  Cuvier  has  proved  by  an  ample 
induction  of  facts.  A  species  comprises  all  the  indivi* 
duals  which  descendfrom  one  anothet\  or  from  common 
parents^  a?id  those  which  resemble  them  as  much  as 
they  resemble  each  other*  Hence  the  varieties  of  a 
species  are  merely  breeds  more  or  less  different^ 
which  may  issue  from  them  by  generation.  Our 
observations  on  the  differences  between  ancestor* 
and  descendants,  constitute  therefore  our  only 
rational  rule  ;  for  every  other  would  tall  under  tJie 
head  of  hypotheses  devoid  of  proofs.  Although 
the  wolf  and  the  fox  inhabit  every  country  from  the 
torrid  to  the  icy  zone,  they  experience  in  this  im- 
mense interval,  hardly  any  other  change,  tlian  a 
little  variation  in  the  beauty  of  their  fur.  M,  Cuvier 
compared  the  skulls  of  foxes  from  the  north  of 
Europe,  and  from  Egypt,  with  those  of  France,  and 
he  found  no  individual  diftbrences. 

The  varieties  of  the  wild  animals  which  are  re- 
stricted to  more  limited  spaces,  differ  still  len* 
especially  the  carnivorous.  A  more  bushy  mafie 
forms  all  the  ditlerence  In^tween  the  hva^na  of  Perm 
and  Morocco. 
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The  wild  herbivorous  animals  experience  some- 
what more  deeply  the  influence  of  climate,  because 
that  of  food  co-operates,  as  to  its  abundance  and 
quahty.  Thus  elephants  will  grow  larger  in  one 
forest  than  in  another  ;  and  they  will  have  tusks  a 
little  longer  in  situations  where  the  food  is  favourable 
to  the  formation  of  the  substance  of  ivory.  The 
same  circumstance  will  hold  with  rein-deers  and 
stags  in  reference  to  their  antlers  j  but  let  us  take  the 
two  most  dissimilar  elephants,  and  we  shall  not  be 
able  to  observe  the  least  difference  in  the  number  or 
articulations  of  the  bones,  or  in  the  teeth,  &c. 

The  herbivorous  species  moreover  in  the  wild 
state,  appear  to  be  confined  within  a  nairower  range 
than  the  carnivorous,  because  the  nature  of  their 
nourishment  combines  with  temperature  to  limit 
tlieir  dispersion. 

Nature  has  provided  against  the  alteration  of 
species,  which  might  result  from  their  mixture,  by 
the  mutual  antipathy  which  it  has  given  them.  It 
requires  every  artifice,  and  all  the  power  of  man,  to 
make  these  unions  be  contracted,  even  among  species 
in  closest  afiinity  ^  and  when  the  offspring  are  not 
barren,  which  they  commonly  are,  their  fecundity 
does  not  extend  beyond  a  few  generations,  and 
would  probably  not  continue  at  all  without  a  renewal 
of  the  cares  which  excited  it.  Hence  we  never 
perceive  in  our  woods,  individuals  intermediate 
between  the  rabbit  and  the  hare,  between  the  stag 
and  the  doe,  or  between  the  martin  and  the  weasel. 
The  tyranny  of  man  alone  can  alter  this  order;  it 
develops  all  the  variations  compatible  with  the  type 
of  each  species,  and  obtains  productions  wliich  the 
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species  would  never  have  brought  forth  when  left 
to  themselves.     Here  tlie  degree  of  the  variation! 
is  still  proportional  to  the  intensity  of  their  causes- 
slavish   coercion.      The  changes   do   not   amouni 
to  much  in  the  half-domestic  species^  as  the  cat^l 
Softer  hair,  more  lively  colours,  a  larger  size,  are 
the  variations ;  for  the  skeleton  of  an  Angora  c 
differs  in  no  constant  particular  from  that  of  a  wil( 
one.    Among  herbivorous  animals,  which  are  trani 
ported  into  the  most  opposite  climates,  subjectet 
to  every  sort  of  diet,  and  to  which  different  kinds] 
of  labour  and  food  are  dealt  out,  we  obtain  greal 
variations  ;  but  they  arc  still  superficial.    A  greater! 
or  less  size ;  longer  or  shorter  horns,  whicli  are  alsal 
sometimes  wanting ;   a  tliicker  or  thinner  wen 
iat  on  the  shouhlers,  form  the  differences  among] 
oxen,  and  these  differences  are  preserved  for  a  long; 
time,  even  in  breeds  exported  from  their  native! 
countries,  though  pains  be  taken  to  remove  them« 
Of  this  kind,  are  also  the  innumerable  varieties  of^ 
sheep,  observable  chiefly  in  the  fleece,  because  it  i»^ 
the  main  object  of  commercial  interest.     Among! 
horses,  the  differences  are  a  little  less,  but  still  quite! 
perceptible. 

In  general  the  shape  of  the  bones  varies  little;, 
their  connexions,  their  articulations,  and  tlie  form 
of  the  great  molar  teeth,  never  change.  The  slight] 
development  of  the  tusks,  in  the  domestic  hog,  and, 
the  adhesion  of  its  hoofs  in  some  individuals  of  the 
breed,  are  the  utmost  extent  of  the  differences 
which  man  has  been  able  to  produce  in  domesuc 
herbivorous  uiiijnals. 

Amid  all  possible  variations,  in  the  external  aspect 
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aud  configuration  of  dogs,  the  relations  of  the  bones 
remain  the  same,  nor  does  the  form  of  the  teeth 
ever  vary  in  an  appreciable  manner.  At  the  utmost, 
some  individuals  push  forth  an  additional  false 
grinder,  sometimes  on  the  one  side,  and  sometimes 
on  the  other  ;  and  as  in  the  human  species,  there 
are  some  six-fingered  taniilies,  so  there  is  a  breed  of 
dogs,  with  one  additional  toe,  and  a  correspondent 
tarsal  bone,  on  the  hind  foot. 

There  are  therefore  in  animals,  characters  which 
resist  every  influence,  whether  of  nature  or  man  j 
nor  does  any  thing  indicate  that  time  can  exert  with 
regard  to  tliem,  a  greater  effect  than  climate  and 
domesticity.  "  Some  naturalists,"  says  M.  Cuvier, 
"  reckon  niucli  on  tlie  thousands  of  ages  which  tlicy 
accumulate  witli  a  dasii  of  their  pen  ;  but  in  sucii 
matters  we  cannot  venture  to  judge  of  what  along 
time  might  operate,  except  by  multiplying  in  idea 
what  a  shorter  period  does  produce.  I  have  there- 
fore collected  with  care  the  most  ancient  docu- 
ments concerning  the  forms  of  animals,  of  which 
none  now  in  being,  equal  in  antiquity  and  abund- 
ance, those  furnished  by  Egypt.  This  country 
presents  us  not  only  with  pictures  of  animals  ;  but 
tlieir  very  bodies  embalmed  in  its  catacombs. 

"  I  have  examined  with  the  greatest  pains,  the 
figures  of  animals  and  birds,  engraved  on  the 
numerous  obelisks  brought  from  Egypt  to  ancient 
Rome.  All  these  figures  have,  when  viewed  as 
wholes,  (which  was  the  only  object  of  theii*  artists,) 
a  perfect  resemblance  to  the  species,  as  we  see  them 
now-a-days." 

M.  Geoffrey  Saint-Hilairc  collected  in  the  tombs 
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and  temples  of  Upper  and  Lower  Egypt,  as  maiiy 
animal  mummies  as  he  coidd.  He  brought  home 
with  him,  cats,  ibises,  birds  of  prey,  dogs,  apes 
crocodUes,  and  a  head  of  a  bull,  all  embalmed ; 
and  certainly  no  greater  difterence  can  be  perceived 
between  these  beings,  and  those  which  are  now 
most  familiar  to  us,  than  between  human  mummies, 
and  the  skeletons  of  the  modern  race  of  men.  M- 
Cuvier  has  proved  in  a  special  memoir  on  the  ibis, 
that  this  bird  is  now  the  very  same  animal  in  everj* 
respect,  as  it  was  in  the  days  of  the  Pharaohs. 

••No  ascertained  fact,  therefore,  countenances 
in  the  slightest  degree,  the  opinion  that  the  new 
genera  tliscovered  or  established  among  the  fossil 
skeletons,  such  as  the  pakcoiheriums,  anopiothe- 
rimns,  megalonyx,  mastodofites^  pterodactyles,  ichthy- 
osauri, plesiosauri^  megalosauri^  iguanodontes^  &c, 
have  been  the  parent  stocks  of  any  of  the  animals 
of  the  present  day,  which  animals  owe  their  difler- 
ences  to  the  influence  of  time  or  climate.  Were  it 
true  (which  I  am  very  far  from  thinking),  that  tlie 
fossil  elephants,  the  rhinoceroses,  the  elks,  the  bears, 
differ  no  more  from  the  existing  ones,  tlian  the 
breeds  of  dogs  differ  from  each  other,  we  are  not 
on  this  account  warranted  to  conclude  that  the 
species  were  identical,  because  the  canine  race  has 
been  subjected  to  the  influence  of  domesticity ; 
while  these  other  animals  have  neither  suffered  nor 
coidd  endure  it* 

'  The  first  order  of  fossil  quadrupeds  examined  lit 
Cuvier,  is  the  pachydermata,  (thick  skinned*)     It 

•  Baron  Curicr,  Osscmens  l^oniles,  Discours  Prdbn.  p.  biii 
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comprehends  non-rutninant,  hoofed  animals,  under 
the  follo\dng  13  genera;  the  elephant,  masto- 
don, rhinoceros,  hippopotamus,  tapir,  hog,  horse, 
tlanian,  pecai'is,  phacocheres,  anoplotherium,  palaeo- 
tlieriuni,  elasniotherium. 

I.  Elephant. 

llie  vast  msnliy  and  sandy  plains  of  Siberia,  whererer  thpy  are 
Bcooped  oat  by  rirere,  discover  oweoas  remains.  The  Irlisch 
between  53"  and  6G°  N.  Lai.  has  very  higli  bauka,  tra  which  tho 
waters  lay  bare  from  time  to  lime,  ivory  tusks  and  other  bones  of 
elephants.  To  the  north  of  Derezof,  N.  Latitude  Gb'^t  high  hills 
akirt  the  Oby,  forming  precipitoan  baukti,  composed  of  plastic 
(day  and  sand.  They  display  abundance  of  i.'lepfaant«*  bones,  mined 
out  by  the  currents.  The  lower  parts  uf  an  islanil  in  the  Frozen 
Sea  under  72°  N.  Lat.  consist  of  ice  and  sand ;  and  u'lieiievrr  a  ihaw 
causes  a  portion  of  its  coast  to  crumble  down,  plenty  of  fossil  bones 
appear.  In  Siberia  they  are  often  associated  with  some  marine 
exuvia*,  as  sea  shells  and  sharks'  teeth,  buried  mider  sereral  distinct 
atrata  of  clay  and  sand,  showing  that  an  alluvial  process  bad  con- 
tinued for  a  i'onsiderable  period  to  cover  ilie  bones.  Similar  mix- 
tures of  ibeee  bones  and  shells  in  alturtal  strata,  are  found  at  the 
Jaik,  Kama,  Toura,  and  Oby.  Lieutenant  Kotzebuc  discovered 
in  his  late  voyag^e,  teeth  and  bones  of  elephants  entangled  in  an 
iceberg,  on  the  nortb-weatem  an^le  of  the  American  continent, 
eloM  to  Rprinf^'s  Strait.  Wliat  a  rich  vegetation  must  have 
•ncieatly  6ourished  in  ibese  now  desolate  regions,  to  have  nourished 
80  many  tbowiands  of  these  enormims  animals !  The  fotmil  tasks 
indeed,  constitute  a  very  lucrative  article  of  commerce  to  the 
DBtivea.  The  Siberians  call  the  animal  mammoth  (animal  of  the 
earth),  from  a  notion  that  it  was  a  mbterranean  quadruped,  of 
similar  instincts  with  the  rnole. 

Bone^^  of  tlje  fossil  elephant  were  so  abundant  on  the  loamy 
hills,  which  border  the  valley  of  the  Amo  near  Florence,  that  the 
peauintA  formerly  used  them  along  with  stones  for  building  the 
rude  partition  walls  of  their  fields ;  and  two  entire  apartments 
belonging  to  the  Valdarnai!«e  Academy  at  Figline,  are  filled  with  ele- 
phants' bones  whicli  were  exhumed  in  the  immediate  neighl>our- 
hood.     Many  bones  of  the  rhinoceros  and  hippopotamus  also  are 
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here  promlscuoofiljr  mingled.  To  tlie  north  of  the  Appennine* 
likewise  the  Hame  fossil  remiuns  are  abundantly  found;  and  indeed 
scarcely  any  di)«Crict  of  Ilaly  seems  to  be  without  them.  They 
occur  in  many  parts  of  France,  llie  Netherlands,  Holland,  Ger- 
many, particularly  at  Canstadt  and  Tonnn  on  the  Xecker,  where  a 
whole  forest  of  the  trunks  of  palm  trees  lies  buried-  A  remark- 
able ronperies  of  fossil  elepliant.s'  bynea  was  discovered  at  Thiede 
near  Wolfenbuttle,  mijced  witli  bones  of  rhinoceroa,  horse,  ot,  and 
stag.  There  were  1 1  elephant  tusk»,  one  of  them  14  feel  8  incbea 
long,  bent  into  a  perfect  serair irrle ;  and  about  30  grinders.  An 
entire  skull  was  dug  out  of  the  soil,  at  Osierode  at  the  fool  of  ihu 
Hartz  mountains  opposite  Gottin^en,  along  with  bones  of  the 
rhinoceros.  On  the  banks  of  the  Elbe  nlso^and  in  Bohemia,  many 
such  bones  are  found,  nay  even  in  Scandinaria  anil  in  Ireland. 

In  England,  the  teeth,  tusks,  and  bones  of  elephants  of  prodigious 
Btzo  havo  been  found  in  ddavium  in  Robin  Hood's  bay,  near 
VVhiiby ;  at  Scarborough  ;  Bridlington,  and  several  otiier  places  aloag 
the  shore  of  Holdemess ;  as  also  in  the  interior  of  Norfolk,  Suffolk, 
anil  Essex.  Near  Harwich,  at  Walton,  in  a  mass  of  diluvial  clay, 
between  high  and  low  water  mark,  there  was  a  large  deposit  of 
them,  mixed  with  bones  of  tbe  liippopotonius,  honte,  &c.  On  the 
banks  of  the  Thames  they  are  extremely  common ;  as  at  Sheppey, 
the  isle  of  Dogs,  Len'isham,  Loudon,  Brentford,  Kew,  Hurley 
Bottom,  Walliugfurd,  Dorchester,  Abingdon,  and  Oxford.  At 
Nonvicli,  Canterbary,  Chartham  near  Uochester,  Lyme  Regit) 
Cliarmuutli,  Abbotsbury,  Burloii»  Loders,  near  Brid|>ort,  near 
Yeovil  in  Somerset,  at  \Vhitchurch  near  Dorchester,  on  SSalisbiuy 
plain,  in  the  valley  of  the  A^'on,  in  that  of  the  Severn,  at  Trentbam 
in  Staffordshire,  and  abundantly  at  Newnham  and  I^wford  onr 
Rugby  in  Warwickshire.  Elephants'  teeth  niul  bones  are  oft^'n 
found  in  digging  foundations  and  sewers  in  London,  as  under  12 
feet  of  gravel  in  Gray's-lnn  Lane,  and  at  a  depth  of  SO  feet  on  die 
east  of  Waterloo -place.  At  Kingsland  near  Hoxton,  an  rntine 
elepliaut's  skull  was  discovered  in  180G,  containing  ^  tasks  of 
enormous  length,  as  well  as  the  grindeni.  AH  the  gravel  piu 
round  about  London  seem  to  afford  them.  In  the  gravel  pit"  of 
Oxford  and  Abingdon,  teeth  and  tusks  and  various  tfones  of  tbe 
elephant,  are  found  miied  with  the  bones  of  rhiDOoeitM»  bone>  m. 
hogy  and  several  species  of  deer ;  often  crowded  together  in  ifae 
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pit,  aiid  seldom  rolled  or  rubbed  at  the  edges,  although  tb« 
sereral  bones  are  not  assembled  so  as  to  complete  a  bkeletoD.* 

Walec5>  Scutlunil  uiid  Ireland  have  also  ullbrded  elephants'  tasks 
or  bones. 

Blumenbacli  states  in  [lis  ArcJueologia  l^eliuris, 
published  in  1803,  that  more  tlian  two  hundred  ele- 
phants and  SO  rhuioceroses,  had  been  found  in 
Germany.  Many  have  been  discovered  since,  as 
the  congregated  lieaps  at  Seilberg  near  Canstadt, 
and  at  the  village  of  Tliiede,  contiguous  to  the 
town  of  Brunswick, 

Bones  of  the  fossil  elephant  occur  in  considerable 
abundance  in  North  America,  where  no  living 
elephants  have  evei  been  known  to  exist;  and 
Humboldt  found  them  in  the  plains  of  Mexico, 
and  in  tlie  province  of  Quito. 

All  the  above  localities  belong  to  the  diluvial 
gravel  or  loam  j  but  there  are  many  elepiiants'  bones 
likewise  in  limestone  caves.  In  England,  bones  of 
the  fossil  elephant  have  been  found  in  the  caverns  at 
Kirkdale,  Wirksworth,  Mendip,  Crawley  rocks  near 
Swansea^  and  Pavilaud  caves  near  Swansea.  And 
on  the  continent,  in  caves  in  the  district  of  Mug- 
gendorf,  and  at  Fouvent  in  France.  A  most 
interesting  description  of  these  caverns,  with  very 
instructive  plates,  will  be  found  in  Dr.  Buckland's 
work,  rpioted  below. 

Comparison  of  the  fossil  elephant  with  the  living. 

There  are  tliree  distinct  species  of  this  genus. 

1.  The  African,  which  inhabits  the  Cape,  Sene- 
gal, and  Guinea. 


*  This  enuineratiou  of  the  English  locuh'ties  in  from  Professor  Buck- 
land's  excellent  Kelic|ulK  Diluvianic,  2d  Hdition. 
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It  bus  a  Foundeii  skiili»  lai^  ears, 
marketi  with  lozonges  in  their  crown  (upper  faK 

2.  ITie  Indian,  found  on  botli  sides  <^  dieGr 
ges,  and  in  the  islands  of  the  Indian  seaa^  ttCnfaft 
JaA-a,  Itorneo,  Sumatra,  &c. 

It  has  an  oblong  skull,  concaTe  front,  soylflA 
and  grinders  marked  with  waving  ribands. 

3).  The  fossil  or  primeval  elephant  (ekfia 
prinngei>iusX  mammoth  of  the  Russiana.  It  \m 
an  oblong  skull,  tx>ncave  front,  very  long  htm- 
soekels  of  its  ttisks  lower  jaw  obtuse,  broad  fm- 
allel  grinders,  marked  with  narro^-ish  ribaiMb  « 
I  he  crown* 

Its  hones  are  found  onlv  in  the  fossil  state;  M 
similar  n>cent  out^s  have  ever  been  seen.  Tk 
fossil  elephant  resembles  more  the  Indian  tiian  tltf 
AfKt^an  s|>ecies ;  but  differs  from  the  first,  in  the 
fiwm,  of  its  grinders  of  its  under  jaw,  and  seven! 
other  IxHies ;  especially  in  the  lengtli  of  its  tusk- 
sockel.'^  or  alveoli.  This  latter  character  must  hart 
mtxlified  singidarly  the  figure  and  organisation  of 
iMt  prt>boscis,  and  given  it  a  physiognoiny  much 
morv  diflferent  from  that  of  tlie  Indian  species, 
than  might  be  inferred  from  the  resemblances  o( 
the  other  bomsu  Its  size  (kSk)  was  about  that 
of  the  Indian,  from  8  to  15  or  16  feet ;  btit 
it  was  a  little  thicker  and  more  squat. 

Tbe  wood  engraving  at  the  top  of  the  followiog 
page»  is  an  elephant's  tooth,  copied  exactly 
Plate  V  I.  Fig,  U  of  the  first  volume  of  the  O, 
FouUes.     it  seenis  to  have  been  cracked  across 
some  violence ;  but  it  is  very  diaractciistic 
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above  figure  of  a  fouil  tooth  represents  of  ^  tlir  natiirnl  size> 
under-grtnder  of  an  old  eiej)lia»c,  found  souie  years  ago,  along  with 
lU  fellow,  buried  18  feet  deep  ia  black  earth  in  the  Forest  of  Bondy, 
near  Paris.  It  has  24  ribands,  or  plates  of  enamel  crossing  the'surfuce. 
Thcse  fillets  are  usually  narrower  in  the  fossil,  than  in  the  living  species. 
Henoe  the  former  could  have  more  grinding  plates  in  action  at  once 
than  the  latter  can ;  which  ore  seldom  more  than  10.  The  fossil  teeth 
ore  usually  broader  than  the  living  in  the  proportion  of  about  3^  to  2} 
inches ;  and  then*  ribandi;  are  less  festooned. 

,  From  its  skeleton,  M.  Cuvier  concludes  that  it 
ditiered  more  from  die  Indian  elephant,  than  tlie 
ass  does  from  the  horse,  or  the  jackall  and  isatis 
from  the  wolf  and  the  fox. 

The  bones  must  have  been  interred  by  some 
general  pliysical  cause  ;  for  they  are  too  numerous, 
and  cUspersed  over  too  many  deserts,  and  uninhabit- 
able countries,  to  admit  of  the  supposition  of  the 
animals  having  been  conducted  thither  by  men. 

Most  part  of  the  bones  are  not  at  all  water-worn, 
but  have  their  edges,  and  their  processes  entire ; 
showing  that  they  have  suffered  no  kind  of  friction. 
The  epiphyses  of  bones  which  had  not  acquired 
their   complete   growth,  still    adhere,  though   the 
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slightest  force  would  have  detached  them.     Th( 
only  changes  which  they  have  suffered,  are  due  to 
decomposition   produced   during   their   long  resi*j 
dence  in  the  earth. 

Every  thing  theretbre  concurs  to  show  tliat  tlu 
elephants  which  owned  tlie  I'ossil  bones,  dwelt 
the  countries,  where  their  remains  are  now  found  d 
and  that  they  disappeared  in  a  revolution  which' 
destroyed  all  the  individuals  existing  at  the  time. 
Wluitever  was  the  cause,  says  Cuvier,  it  must  Iiai 
been  sudden.     The  laro^e  bones  and  ivorv  tusks 
perfectly  preserved  in  the  plains  of  Siberia,  mu 
owe  their  soundness  to  the  cold  which   suddenli 
froze  them  up,  or  which  counteracted  the  natu] 
decomposing  influence  of  the  elements.     Had  tlu 
cold  come  on  by  degrees  and  very  slowly,  thes 
bones,  and  a  Jbriiori,  the   soft  parts  with  whici 
they  are  still  sometimes  clothed,  would  have  hi 
time  to  decompose,  as  happens  to  the  elephanl 
which    now   die   in    hot   or    temperate    countries.! 
Certainly  it  would  have  been  quite  impossible  for 
whole  carcass,  such  as  the  one  discovered  by  Mi 
Adams,  to  have  preserved  its  flesh  and  skin,  wil 
out  corruption,  had  it  not  been  immediately  em- 
balmed in  antiseptic  ice. 

**  Thus  every  hypothesis  of  a  gradual  refrigeration 
of  the  earth,  or  a  slow  variation,  either  in  the  incli- 
nation, or  in  the  position  of  the  axis  of  the  globc^j 
falls  to  pieces  of  itself',"* 

Were  the  actual  elephants  of  India,  the  descent 
ants  of  those  ancient  fossil  elephants,  whii 
had  taken  refuge  in  their  present  climates  from  the 

•  Cuvier,  Ossemena  Fossilt?,  1<  203. 
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catastrophe  which  destroyed  their  race  elsewhere, 
we  may  ask,  why  their  species  was  destroyed  in 
America,  thougii  bony  reUcs  still  attest  their 
ancient  existence,  in  the  vast  empire  of  Mexico, — 
a  country  which  afforded  sufficient  elevations  for 
escaping  from  an  inundation  so  moderate  as  is 
implied  by  that  h}^othesis  ?  That  region  was  be- 
sides as  hot  as  their  liabits  required. 

The  different  mastodonies^  fossil  kippopolamuses^ 
and  rhinoceroses,  must  have  lived  in  the  same 
countries,  r*nd  cantons,  as  the Jhssil  elephants^  since 
we  find  their  bones  in  the  same  diluvial  beds,  and 
in  the  same  state.  No  cause  can  be  conceived 
which  could  destroy  the  one  and  spare  the  others. 
Yet  the  mastodons  most  assuredly  exist  no  more  ; 
in  respect  to  them  there  is  no  doubt  or  disputation. 

The  uppermost  %ure 
represents  the  under 
jaw  of  the  living  ele- 
phant ;  the  lowest  figure 
that  of  the  fossil.  The 
sides  of  tlie  former  con- 
verge to  a  point,  and 
have  a  projecting  peak 
at  A  in  frontj  furrowed 
with  a  long  narrow  canal. 
The  teeth  in  the  jaw  of 
the  fossil  elephant  stand 
parallel  to  each  other  on 
its  opposite  sides;  and  the  canal  in  front  is  much 
shorter  and  wider.  In  the  two  living  species,  the 
African  and  Indian,  the  tusk-sockets  (alveoli)  do  not 
extend  further  down  than  tlie  level  of  the  lower  jaw; 
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so  that  the  chin  has  room  to  protrude  between  the 
tusks  in  a   pointed  projection.     But  in  the  tossij 
heads,  on  die  contrary,  on  account  ot'the  great  length 
of  the  tusk-sockets,  the  lower  jaw  has  been  truncat* 
ed  or  blunted  ofl'belbre,  to  admit  of  the  lower  ja 
closing  on  the  upper  one  in  the  act  of  mastication. 
Every  thing,  therefore,  concurs  to  make  xis  con- 
clude that  the^^^iV  elephant  certainly  belongs  to 
an  extinct  species,  although  it  resembles  one  of  the 
existing  species  more  than  the  mastodons  do.     Its 
extinction  likewise  has  been  produced  by  a  sudden 
cause,  by  that  same  great  catastrophe  which  do 
stroyed  all  the  species  of  the  same  epoch  ;  of  which 
abundant  evidences  remain  among  the  other  an 
exuvia\ 

II.  Mastodon,    Of  this  extinct  genus  we  hav 
according  to  M.  Cuvier,  six  species  buried  in  th 
diluvial  detritus.     1.  The  great  mastodon  ;  2.  T 
Mastodon  with  narrow  teeth  ;  3,  The  Mastodon  of 
the  Cordilleras  J  4.  The  Mastodon  of  Humboldt;  h 
5.  The  small  Mastodon  ;  6.  Tlie  tapiroid  Mastodon,  ■ 
To  these  6,  we  must  add  two  other  species,   the 
Mastodon  latidens,  and  elephantoides  of  Mr.  CM 

The  genus  Masto^ 
donte  is  so  named  be* 
cause  its  moiares  of 
grinding-teeth  instead 
of  being  formed  of 
transverse  plates,  like 
those  of  the  elephant, 
have  a  simple  crown, 
_  studded  with  tubercles 

TooUi  nf  Mutodon,  i  iDc  cmtunl  <lar,  with  i(* 

!?fii;;ilil'^*r"'  '"""■■"«*«'«' '""'•^^  King-Q,,  nipples  more  orlesi 
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numerous,  and  prominent.  These  ancient  animals 
had  the  size  and  figure  of  the  elepliant,  were  pro- 
vided like  it  with  a  proboscis,  and  long  tusks  planted 
in  the  incisor  bones  of  the  upper  jaw,  with  feet  of 
the  same  structure,  and  distinguishable  mainly  by 
their  teeth.  Our  actual  continents  now  breed  no 
animal  of  this  genus. 

It  was  originally  inferred  from  the  maramelated 
form  of  the  teeth  that  the  animal  had  been  carnir. 
vorous,  a  mistake  fully  refuted  by  the  illustrious 
naturalist  of  France.  The  first  notice  of  the  mas- 
todon is  in  a  letter  from  Doctor  Mather  in  America 
to  Dr.  Woodward  in  London,  dated  1712f  intimate 
ing  that  bones  and  teetli  of  monstrous  magnitude 
had  been  discovered  in  1705,  in  Albany  in  New 
England,  at  present  in  the  state  of  New  York,  near 
Hudson  river.  He  imagined  them  to  be  Uie  bones 
of  giants.  No  interest  was  excited,  however,  till 
Mr.  Croghan,  an  English  geographer,  in  17<>7»  sent 
several  cliests  of  these  osseous  remains  to  Lord 
Shelburne  and  other  persons  in  London,  Dr.  W, 
Hunter  published  an  accurate  description  of  a  lower 
jaw  in  the  Pliilosophical  Transactions  for  I768. 
He  demonstrated  that  the  animal  in  question  while 
it  diflcrcd  distinctly  from  the  elephant,  had  nothing 
in  common  with  the  ]up|>opotamus,  and  he  justly 
ascribed  to  it  the  tusks  found  along  with  the  bones. 

In  the  year  180'2,  Mr.  Peale  of  Philadelphia 
having  procured  numerous  bones  of  the  same  ani- 
mal from  a  brackish  marsh  in  the  neighbourhood  of 
Newburgh,  on  the  Hudson  river  in  the  state  of 
New  York,  formed  two  skeletons  outof  tliero,  copy- 
ing artificially  in  wood  from  the  bones  of  one  of 
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them,  and  of  one  side  of  either,  what  was  need< 
10  make  up  the  deficiency  of  the  others,     Hcnci 
forward  the  osteology  of  this  large  animal  becai 
perfectly  known,  if  we  except  merely  the  up] 
part  of  the  cranium. 

M.  Cuvicr  concludes,  after  liis  usual  diligence 
research,  that  no  bones  of  the  great  mastodon  hav< 
been  hitherto  found  in  Europe,     They  occur  moi 
abundantly  in  the  brackish  marslies  on  the  Ohi« 
which  are  called  there  big-bone-licks,  from  Uie  cir* 
cumstances  of  their  saitness  and  their  osseous  coi 
tents.     In  the  state  of  Kentucky,  about  4   mih 
south-cast  from  the  left  bank  of  the  Ohio,  and  3( 
miles  above  the  entrance  of  the  river  Kentucky,^ 
there  is  an  extensive  marsh,  surrounded  with  hillj 
which  is  fed  with  a  streamlet  of  salt  water,  froi 
whose  black  and  fetid  mud,  a  few  feet  below  th< 
surface,  an  enormous  multitude  of  these  bones  hav 
been  extracted.     Croghan  thought  that  he  saw  hei 
the  remains  of  about   30   individuals;  but  n  fa 
greater  number  liave  been  dug  out  since.     Theii 
bones  are  accompanied  with  those  of  other  animals.] 
On  the  two  sides  of  the  streamlet  the  earthy  bedsj 
are  composed  almost  entirely  of  bones  of  bu&aloes,, 
stags,  and  other  smaller  animals. 

Bones  of  the  mastodon  are  also  found  in  all  the  temp^nttl 
re^oDAof  North  America,  in  whatever  direction  it  may  bec] 
llie  late  Smith  Barloii  (pves,  in  his  Journal  of  Kntiiral  PhiloM^lif  j 
and  Medicine  fur  Philadelphia,  a  detailed  account  of  ^vk 
entire  skeletonff  having  been  found  in  17G2  by  the  8hawuaii|9 
savages  liigber  up  on  the  Ohio,  about  3  miles  from  its  margin  iai 
a  brackish  flat,  of  which  a  fpinder  and  a  piece  of  a  task  )ia«l  breaj 
brouf^ht  to  Fort  Pitt.  The  farthest  south  point,  at  whidi  tfati 
uiaslotlou  bones  hare  been  found,  is  in  the  country  of  tb«  Al 
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in  Loaisiaxia,aniongthemud9of theMissis8ippi}in31°N.Lat.  Tbey 
bare  uot  hitherto  been  ubBerved  further  north  tlmu  iu  43°  N.  Lat. 
OD  ibe  fiide  of  Lake  Erie.  M.  Curier  finds  that  tlic  teeth  hronght 
home  from  Peru  by  MM.  Dombey  and  Humholdtj  do  not  belong 
to  tbe  great  niaBtodon,  hut  to  another  species.  He  supposes  those 
from  Lima  and  Brazil,  spoken  of  by  Dr.  W.  Hunter,  to  be  in  the 
same  predicament. 

The  ferruginous  matter  with  which  the  bones  of  tbe  great  mas- 
todon are  impregnated,  ts  the  beat  proof  of  their  long  residence  in 
the  earth.    No  marine  remains  have  been  seen  associated  with  them. 

Description  of  the  great  Mastodonte, 
The  molar  teeth  are  very  characteristic.  Their 
crown  in  general  approaches  more  or  less  to  a  rec- 
tangular figure.  It  contains  only  two  substances ; 
the  interior  called  osseous  or  more  properly  ivory, 
and  the  exterior  or  enamel.  The  latter  is  very 
thick.  There  is  none  of  that  third  substance,  so 
remarkable  in  the  elephant,  called  the  cement  or 
cortical  matter,  which  envelops  the  rest  of  the 
tooth,  resembling  ordinary  bone  in  chemical  com- 
position and  hardness*  Sir  E.  Home  terms  this 
substance  bone,  and  the  other  inner  substance, 
ivory.*     The  crown  of  the  mastodon's  molaris  is 

•  The  cortical  is  secreted  in  life  by  the  same  organic  membrane,  and 
the  same  face  that  produces  the  enamel.  ThiH  membrane  remains  out- 
ludu  of  the  cortical,  as  it  was  at  first  outside  of  the  cnamd,  cuntiauing 
sofl  and  loose  as  long  as  the  cortical  leaves  room  for  it.  It  only  changes 
in  texture ;  baring  been  thin  and  transparent  whilst  it  secreted  enamel. 
When  it  begins  to  furnish  cortical  aiibiiUncc,  it  becomes  thick,  spongy, 
opaque,  and  ruddy.  This  cortical  matter  docs  not  grow  by  closely  aggro- 
gBted  meshes,  but  as  it  were  by  little  drops  seemingly  secreted  at  mndom. 
The  deposition  of  the  enamel  cunuiiences  almost  with  the  transudation 
of  the  osseous  substance,  and  that  of  the  cortical  follows  soon  there- 
ailer,  so  that  the  summit  of  each  plate  is  tnisbed  in  its  three  substances 
long  before  its  base;  and  the  contiguous  lamina  are  cemented  together 
at  the  top  before  being  indurated  at  their  bottom* 

Tbe  substance  of  teeth  is  formed  by  secretion  in  Uiyers;  the  inner 
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divided  (see  figure,  p.  526%  by  furrows  or  a  species 
of  spreading  valleys,  into  a  certain  number  of  trans- 
verse hills,  and  each  hill  is  itself  divided  by  a  groove 
into  two  thick  points,  obtuse,  forming  irregular; 
quadrangular  pyramids,  slightly  rounded  at  their 
edges.  Till  this  crown  be  worn  down  by  mastica- 
tion, it  is  studded  with  thick  points  standing  in  pairs. 
There  is  a  wide  ditierence  between  these  and  the 
teeth  of  carnivoray  which  have  only  a  main  longi- 
tuduial  edge,  divided  by  vertical  slits,  like  the  teetli 
of  a  saw. 

The  mastodon  must  have  made  the  same  use  ofj 
its  teeth  as  the  hog  and  the  liippopotamus,  which, 
possess  the  same  dental  cliaracters*    It  would  search 
alter  succulent  vegetables,  roots,  and  aquatic  plants  j, 
but  it  hunted  not  for  nourishment,  in  living  prey- 
This  trituration  of  vegetable  diet  wore  down  tha 
nipples  of  its  teeth,  bringing  the  crown  into  the 
blunted  flat  state  which  so  frequently  occurs ;  ia 
some  cases  the  pyramids  being  only  partially  rubbed 
away,   and  in  others  being  smoothed  down,  inl 
a  surface  of   osseous  substance   surrounded   with' 
enamel.      Tlie  section  of  each  of  the  pyramids, 
somewhat  under  its  apex,  represents  a  lozenge.   TliOij 
roots  of  these  teeth,  like  those  of  all  others,  are  nofr; 

sulMtance  in  particular  has  nothing  ia  comrnon  with  ordinary  booHb^ 
except  as  to  its  chemical  composition,  o^  gelatine  and  calcareous  pbo*> ' 
phate,  but  it  possesses  no  resemblance,  in  texture,  mode  of  depooit 
or  of  growth.  Its  tissue  b  neither  cellular,  nor  fibrous,  but  coossatt  ofj 
plates  laid  together.  Those  who  compare  it  to  the  diptoe  of  the  akuUa 
supposing  it  full  of  cells,  give  false  ideas  of  its  nature.  Hence  no  part 
of  a  tooth  is  rcf^cnemted  when  it  is  worn  awny.  Anatomists  have  botar 
therefore  much  lo  bl&mc  in  designating  by  the  term  ossification,  the  rtal^ 
function  which  develops  and  indurutes  teeth. — Cnvigr,  Ouemgta  F^mirtt 
Tom.  L  p.  36,  d  seq. 
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formed  till  after  the  crown,  and  are  never  found 
complete  till  the  teeth  show  a  little  wearing.  From 
tlie  thickness  of  tlie  enamel,  tlie  collar  or  neck  of 
the  tooth  is  much  swollen. 

The  disposition  of  the  grinders  in  the  adult 
mastodon,  is  four  in  each  jaw ;  of  which  the  two 
front  ones  in  the  upper  have  G  points,  and  the  other 
two  have  S  ;  in  the  lower,  the  two  anterior  have  6 
points,  and  the  two  posterior  10,  It  moreover 
appears,  that  the  great  mastodon  had,  successively^ 
at  least  four  grinders  in  every  side  of  its  Jaws  ;  but, 
as  happened  to  the  elephant,  these  teeth  never 
appeared  all  together  in  t!ie  mouth.  Their  succession 
took  place,  in  both  animals,  from  behind  forwards. 
When  the  posterior  one  began  to  cut  the  gum,  the 
anterior  one  was  gieatly  worn  and  ready  to  tlrop 
out.  In  this  way,  they  replaced  one  another.  There 
does  not  seem  to  have  been  ever  more  than  two  on 
each  side  in  full  exercise  ;  and  finally,  only  one  as 
in  the  old  elepluint.  Thus  the  effective  number  of 
molar  teeth  which  could  act  together  was  8  in 
youth,  and  only  4  in  extreme  old  age.  This  resulf 
tends  considerably  to  abate  the  ideas  formed  about 
the  size  of  the  mastodon,  by  those  who  imagined 
it  to  have  had  as  many  grinders  as  man,  all  equal 
to  the  largest.  Buftbn  for  instance,  says,  "  The 
square  form  of  these  enormous  grinding  teeth, 
proves  that  they  were  numerous  in  the  jaw-bone  of 
the  animal  ;  and  supposing  only  6  or  even  4  on 
each  side,  we  may  conceive  wluit  an  enormous 
head  it  must  have  had  to  contain  at  least  16  grind- 
ers, every  one  weighing  10  or  11  pounds."^ J5Jpo« 
gues  de  la  Nature.    Note  Justif,  9^ 
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The  jaws  discovered  since  his  time,  correct  thes©| 
notions.     We  have  now  no  proof  that  the  g^eat^ 
mastodon  ever  exceeded  12  feet  in  height,  whil< 
the  Indian  elepliant,  according  to  Buffon  himself,; 
rises  sometimes  to  15  or  1 6. 

In  fact  the  very  hot  and  dry  temperature  *whick\ 
prevailed  on  tlie  a7itcdiluvian  globe  tended  to  stint  the^ 
growth  of  every  land  animal  in  all  moderately  low 
latitudes,  stick  as  the  mastodon  inhabited  ;  letting  the 
elephant  thrive  comfortably  only  nearer  thepole^  as  on 
the  ancient  fertile  plains^  where  frozen  Siberia  «o»j 
lies  ;  while  the  tepid  primeval  ocean  gave  marvellous 
development  to  all  its  productions,  from  the  polyparia 
and  shellfish^  to  the  megalosaurus  and  iguanodon. 

The  condyle  of  tlie  mastodon's  jaw  resembles 
that  of  the  elephant,  whence  also  we  may  conclude 
against   its   having   been   carnivorous.     The  two 
sides  of  the  lower  jaw-bone  diverge  towards  tlie 
chin  in  the  mastodon,  whilst  in  the  li\ing  elephant. 
tliey  converge  more  or  less,  and  in  the  fossil  or\ 
Russian  mammoth,  they  are  almost  pai^alleL    Only 
the  hog  and  hippopotamus  resemble  the  mastodon 
in  this  particular.     Its  bony  palate  extends  much 
beliind  the  last  tooth  ;  tlie  phacochere  or  wild  boar 
of  Ethiopia  alone  possesses  a  kindred   structure. 
The  ptcrj'^goid  processes  of  its  palate  bones  ha\'e  a 
magnitude   unexampled  among  quadrupeds.     As 
there  is  no  trace  of  an  orbit  on  the  anterior  part  of 
the  zygomatic  arch,  the  eye  must  have  stood  liighcr 
in  the  mastodon's  head,  than  in  the  elephant's.  The 
mastodon  had  also  a  proboscis  like  the  elephant. 
Its  greatest  height  to  the  saddle  seat,  was  from  11 
to  12  feet,  and  its  lengtli  15  feet ;  being  lower  and 
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longer  in  proportion,  than  our  living  elephants. 
The  form  of  its  feet  bones,  proves  that  it  was  not 
adapted  for  swimming  and  living  much  in  the 
water  like  the  hippopotamus.  Its  bones  arc  in  a 
better  state  of  preservation,  and  fresher  than  any 
other  of  tlie  fossil  kind  ;  whicli  has  been  ascribed 
to  the  saline  soil  in  which  they  arc  mostly  found. 

Of  the  otfier  species  of  mastodon, — Grinders  and 
other  bones,  have  been  found  in  many  parts  of 
Europe,  particularly  Tuscany,  Simorre,  Bavaria, 
Trevoux,  from  Sort  near  Dax,  Asti  in  Piedmont, 
and  many  other  places,  which  M.  Cuvier  refers 
with  his  well  known  sagacity  to  the  species  formerly 
enumerated.  For  the  particulars  I  must  refer  to  his 
great  work,  vol.  I,  p.  250. 

The  bones  of  the  mastodon  with  narrow  teeth 
occur  in  South  America ;  and  they  furnished  matter 
for  marvellous  recitals  to  the  older  Spanisli  writers. 
At  Lima  many  of  their  grinders  are  preserved  both 
in  the  public  cabinet,  and  among  private  individuals, 
which  pass  for  the  teeth  of  giants.  One  of  the  loca- 
lities of  these  bones,  near  Santa-Fc  dc  Bogota,  is 
called  indeed  the  Giant's-Camp,  (Camp-des  Geants). 
M.  Humboldt  informs  us  that  an  immense  lieap  of 
them  he  buried  there,  impregnated  with  sea  salt,  at 
the  great  height  of  1300  toises,  about  8300  English 
feet,  above  tlic  level  of  the  sea- 

The  interesting  questions  whether  any  fossil  re- 
mains of  pachydermata  exist  in  the  diluvium  of  tropi- 
cal Asia,  and  whetlier  they  agree  with  the  recent 
species  of  these  genera,  or  with  the  extinct  ancient 
species,  has  been  lately  answered  by  the  zealous 
investigations  of  Mr.  Crawford,  who  has  sent  home 
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no  less  than  seven  large  chests  of  fossil  wood  ami 
fossil  bones  from  the  banks  of  the  river  Irawadi, 
near  the  town  of  Wettnasut,  about  hali^vay  between 
Ava  and  Prome,  in  latitude  Sr  to  S^'*  N.  To  add 
to  the  interest  of  this  discovery,  two  new  specimens 
of  mastodon  were  found,  differing  materially  from 
every  species  hitherto  described.  On  an  examina- 
tion of  the  structure  of  the  teeth,  this  discovery  will 
be  seen  to  have  still  greater  claims  to  attention ; 
for  it  illustrates  very  beautifully  the  gradual  shades 
of  difference  by  which  nature  passes  almost  imper- 
ceptibly from  one  form  to  another,  and  helps  to  fill 
up  the  interval,  which  has  hitherto  separated  the 
mastodon  from  the  elephant. 

On  comparing  the  teeth  of  the  mastodon  latidens 
with  those  of  the  mastodon  of  the  Ohio,  (mast, 
giganteum,)  we  shall  find  the  elevated  point^i  or 
ridges  in  the  tooth  of  the  former  more  numerous, 
less  distant,  and  the  interstices  less  deep  than  in 
those  of  the  latter ;  in  short  we  shall  observe  that 
the  teeth  begin  to  assume  the  appearance  of  those  of 
the  elephant.  On  advancing  to  mastodon  elephan- 
toides,  we  shall  find  all  these  features  of  similaritv 
more  strongly  developed  ;  tiie  points  and  ridges  are 
still  more  numerous,  and  the  structure,  were  it  not 
for  the  absence  of  criafa  pctrosa^  (the  cortical)  be- 
comes almost  that  of  the  tooth  of  the  elephant.  In 
both,  though  the  teeth  are  formed  upon  the  principle 
by  which  the  tooth  of  the  mastodon  is  distinguished 
from  that  of  the  elephant,  the  crown  of  the  tooth 
wears  away  more  like  the  tooth  of  the  elephant  tlian 
that  of  the  other  mastodons ;  and  when  worn,  exhi- 
bits a  surface  not  unhke  that  presented  by  the  worn 
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tooth  of  an  Asiatic  elephant.  These  observations, 
says  Mr-  Clift,  will  not  it  is  hoped  be  deemed  out 
of  place  ;  for  many  a  link  in  the  cliain,  which  the 
zoologist  who  confines  himself  to  the  study  of  living 
animals,  seeks  in  vain,  may  be  found  in  the  reHcs  of 
a  former  state  of  animal  life*  The  size  of  M.  lati- 
dens  appears  to  have  equalled,  if  it  did  not  surpass 
that  of  the  largest  living  elephant. — GeoL  Trans, 
Second  SerieSy  vol.  II.  p,  370, 

Mr.  Clift  finds  that  none  oftbese  Qirtnan  bones  belong  to  the  fossil 
elephant,  bat  only  to  its  ronipauion  animals  of  the  dilurial  loam, 
namely,  the  rhmocoro»,  liippopotaniaKi  mmtodon,  and  hog.  Bones 
of  two  or  three  Rpecies  of  niininani«  have  been  alao  detected,  which 
reaemhie  the  ox,  the  antelope,  and  the  deer ;  as  also  of  the  gami, 
tbe  alligator,  and  two  freshwater  tortoi«ie«,  the  trionyx  and  the 

The  mastodon  teeth  come  from  animals  of  e%'ery  n^e ;  and  there 
&re  veveraS  fragments  of  ivory,  belouKing  aUo  probably  to  mas- 
toilon  tusks.  The  remains  of  this  animal  are  by  much  the  most 
numerous,  amounting  to  150  pieces. 

Tliere  are  about  ten  fragments  of  llie  rhinoceros^  two  of  a  small 
species  of  hippopotamus,  one  of  a  hog,  about  twenty  of  ox,  deer 
and  antelnpe  ;  about  fifty  of  gavial  and  alligator ;  with  twenty  of 
emyH  and  ten  of  trionyx.  One  of  the  fragmentti  of  emys  is  so 
large  that  the  animal  which  owned  it,  moat  hare  been  several  feet 
broad.  As  the  bones  are  impregnate<l  with  hydrate  of  iron,  they 
we  very  lioiise,  and  in  a  atate  of  perfect  preservation ;  but  none  of 
them  are  silicified,  though  such  a  report  wa5i  circulated.  The  dis- 
trict in  which  ibey  were  found  is  a  rango  of  barren  hilU,  intersected 
by  ravines,  consisting  of  sand  with  beds  of  gravel  occasionally 
cemented  into  a  conglomerate  by  carbonate  of  lime,  with  hydrate 
of  ir4in.  Over  the  suiface  of  these  bills  the  fragments  of  bones  and 
wood  are  scattered;  sometimes  quite  bare;  at  others^  half  buried 
in  the  sand  an<l  gravel,  while  sevoral  pieces  of  the  wood  lie  in  the 
bottom  of  the  mvinea.  About  one-third  of  tlie  bones  have  been 
dlightly  rolled;  and  alt  the  rest  have  been  broken  to  fragments, 
flcattered,  and  buried  by  the  action  of  the  same  waters  which  pro* 
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<lace<]  the  dilurial  sand  and  gravel,  whence  tbcy  liave  been  exhumed 
and  laid  bare  by  raioji  and  torreuU. 

Conrretions  of  sand  and  giBvel  mllierc  to  several  of  the  boaei^  | 
but  they  contwn  no  traces  of  sbella  ;  differing  in  their  nitnera}(^cal 
relatioDH  from  all  the  Bpeciraensi  of  rocks  collected  by  Mr.  Crawford, 
which  beloni^to  the  tertiary  and  freshwater  fonnations. 

Mr.  Crawfurd  clearly  shows  that  it  is  impossible  to  refer  the 
situation  of  the  bones,  or  the  origin  of  the  hills  which  contain  theniy 
to  the  action  of  the  existing  river.  These  bills  ore  60  feet  abora 
its  highest  doods.  He  obser^'es  also  that  the  effect  of  its  actual 
operations,  is  distinctly  visible  in  the  moving  islands  of  mud  and 
sand  which  abound  along  the  course  of  the  river,  at  the  Icwl  oftu 
highest  floods,  and  in  the  great  allurial  delta  which  begins  a  littla 
below  Prome,  and  extends  to  Uangoon  and  tbe  gulf  of  Martebai* 

Tlte  recent  bones  and  wood,  which  he  observed  disperaed  ia 
some  of  tliese  islands,  had  uo  tendency  to  mineralize,  bat  oo  tba 
contrary  were  in  a  state  of  rapid  decomposition. 

From  the  facts  above  enumerated  by  Mr.  Crawfurd,  Dr.  BuckknJ ' 
draws  the  following  conclusions ;  that  the  Dirman  counir)'  rontaio* 
not  only  the  remains  of  fossil  animals  enumerated  above,  but  aW 
exampleji  of  tlie  following  geological  formations,  which  may  bt 
regarded  as  identical  with  those  of  Europe ;  viz. : 

1.  Alluvium. 

2.  Diluvium. 

3.  Freshwater  marl. 

4.  London  clay  formation  and  crag-limestone,  (ealcaire  grottier)* 

5.  Plastic  clay  with  its  sands  and  gravel. 

6.  Transition  limestone  and  gray-wacke. 

7.  Primitive  marble  and  limestone. — Geological 
\hth  April,  1828. 


III.  Fossil  Hippopotamus. — There  is  only  one 
existing  species  of  hippopotamus;  but  M.  Cuvier  has 
discovered  the  remains  of  two  and  probably  of  four: 
fossil  species.    The  first  of  these  is  so  similar  to  the! 
living  species  that  he  was  puzzled  at  first  to  distin- 
guish between  the  two;  a  second  is  nearly  of  tJje' 
size  of  the  wild  boar,  but  in  other  respects,  just  « 
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miniature  of  tlie  large  species.  The  third  is  ahnost 
intermediate  between  the  two  preceding  ones. 
Lastly,  he  has  observed  traces  of  a  iburth,  almost 
as  large  as  the  hog  of  Siani. 


The  above  figure,  ^  of  the  natural  size,  represents  a  fragment  of  the 
upper  jaw  of  a  hippopotamus,  containing  two  teeth,  the  last  and  Kccond 
last  molaris  of  the  left  side,  in  that  state  of  dentition  precisely,  in  which 
they  may  be  most  easily  recognised  by  the  trefoil-like  lineaments  of 
their  crown.     The  original  is  now  in  the  cabinet  of  M.  de  Dree  at  Paris, 

Hippopotamus'  bones  arc  nearly  as  numerous  in 
the  upper  ValcTArno  in  Tuscany,  as  elephants,  and 
more  so  than  those  of  tlie  rhinoceros.  They  are 
indiscriminately  mixed  with  each  other  in  the  same 
diluvial  strata,  or  sandy  hills,  whicli  form  the  first 
ranges  of  the  mountains  surrounding  that  beautiful 
valley.  A  fine  tusk  has  been  exhumed  out  of  the 
Bands  of  tlie  plain  of  Crenelle,  near  Paris.  Hippo- 
potamus bones  have  been  found  in  diluvium^  near 
Oxford,  Brentford,  and  Walton  in  Essex ;  and  in 
Kirkdaie  cave.  By  a  skilful  comparison  of  these 
bones  with  those  of  the  living  hippopotamuses,  M, 
Cuvier  has  proved  tliat  the  two  skeletons  differ 
nearly  as  much  as  the  fossil  elephants,  and  rhino- 
ceroses, differ  from  those  of  our  times. 

IV.  The  fossil  Rhinoceros^ — This  genus,  extraor- 
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dinary  as  it  must  appear  to  those  who  contemplal 
it  for  the  first  time,  stands  somewhat  less  insula^ 
among  animals  than  the  elephant-  It  is  connect) 
in  a  distinct  manner,  by  its  osteology,  to  the  damans 
tapirs,  and  horses;  and  among  fossil  forms,  tliei 
are  several  genera  which  resemble  it  in  certain  par- 
ticulars. The  fossil  bones  of  the  rhinoceros^j 
although  less  numerous  than  those  of  elephants, 
not  so  in  any  very  great  degree.  Both  of  them 
found  in  the  same  countries,  and  in  tlie  sami 
localities ;  but  the  teeth  of  the  rhinoceros  bein 
less  bulky,  have  not  been  so  often  recognised.  N( 
do  these  animals  possess  like  elephants,  those  enoi 
mous  ivory  tusks,  which  could  not  be  seen  withoi 
exciting  much  attention.  Hence,  fewer  fragmcn! 
have  been  collected  of  the  genus  under  review,  ani 
hence  they  have  been  less  talked  of  by  naturalists,' 

There  are  difibrent  species  of  the  fossil  rhinoceros] 
but  the  most  remarkable,  and  that  longest  know 
has  its  nostrils  separated  by  a  bony  partition. 

In  1668,  in  digging  a  well  at  Chartham,  3  mil< 
from  Canterbur}',  at  a  depth  of  17  feet,  the  fii 
noticed  fossil  bones  of  rhinoceros  were  found.    Bui 
it  was  not  till  176S,  that  Pallas,  then  appointei 
director    of  the    Academy  of  Petersburg,    foun( 
among  its  collection  of  fossil  bones  from  Siberisij 
4  skulls  and  5  horns  of  rhinoceros.   Having  travelh 
tlirough  Siheria  himself,  he  adduced,  15  years  afti 
the  above  date,  a  great  multitude  of  new  facts  toj 
the  same  pur[)ose-     In  1773,  he  publiaiied  the  nar*j 
rativeof  the  astonishing  discovery  of  an  entire  ri 
noceros^  found  with  its  skin,  in  December  I771«i 
buried  in  the  sand,  on  the  banks  of  tlie  W'iluji,  aI 
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river  which  runs  into  the  Lena,  below  Jakoutsk,  in 
the  G4th  degree  of  North  Latitude.  To  this  notice, 
he  added  the  figure  and  description  of  a  pretty 
complete  fossil  cranium. 

Bones  of  rhinoceros  have  since  been  found  in 
almost  every  part  of  Europe  ;  near  Quedlinibonrg 
in  Germany  ;  Darmstadt  on  the  banks  of  the  Rhine, 
along  with  elephants'  and  ox  bones  ;  a  skull  in  the 
territory  of  Worms  j  a  skull  at  Weissenau  near 
Mayencc  ;  at  Strasbourg  ;  near  Cologne  ;  a  whole 
skull  near  Lippstadt  in  Westphalia  ;  a  heap  of  bones 
of  elepiiants,  rhinoceroses,  and  hya?nas,  between  Os- 
terode  and  Dorste  ;  near  Burgtonna  in  Gotha,  teeth 
and  bones  of  rhinoceros ;  in  various  parts  of  France; 
most  abundantly  in  Italy,  particularly  in  the  Val 
d'Arno,  besides  a  whole  skeleton  on  a  hill  parallel 
to  Montr.  Pulgnasco,  not  far  from  wlierc  M,  Cortcsi 
had  also  found  before  the  skeleton  of  an  elephant. 
In  England  such  fossil  remains  are  very  common. 

At  Chartham,  in  the  old  locality,  a  fragment  of 
an  under  jaw  containing  two  teeth,  was  dug  up  in 
177^-  Jii  the  gravel  pits  of  Brentford,  a  mile  north 
of  the  Thames,  immediately  reposing  on  the  London 
clay,  were  discovered  in  1813  several  fossil  bones 
of  elephants,  hij)popotamuses,  stags,  and  oxen,  de- 
scribed in  the  Phil.  Trans,  for  1813.  The  third 
figure  of  pL  IX.  is,  according  to  M.  Cuvier,  an 
upper  grinding-tooth  of  a  rhinoceros.  Several  bones 
of  tlie  same  animal  have  been  found  at  Walton 
opposite  to  Harwich.  At  Newham  near  Rugby  in 
Warwickshire,  there  were  dug  out  of  a  diluvial 
gravel  mixed  with  clay  resting  on  a  bed  of  lias  Hme- 
stone,  in  1815,  two  skulls,  and  other  bones  of  rhino- 
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ceros,  with  3  very  large  elephants'  tusks,  and  some 
stags'  horns.    More  lately  at  Lawton  near  tlie  sami 
village  of  Rugby,  several  other  bones  of  rhinocei 
were  discovered  in  diluvium.    In  1817.  Sir  Evei 
Home  read  to   the  Royal   Society  an  intercstii 
memoir  on  fossil  bones  of  rhinoceros  found  by  M 
Whitby  at  Oreston  near  Plymouth,  in  a  limestoi 
cavern,    160  feet   deep,  in  the  solid  rock.     Tl 
proper  mouth  of  that  cavern,  which  was  45  feet  lon( 
had  been  probably  filled  up  by  the  convulsions 
the  deluge.    Here  teeth,  vertebra,*,  and  other  bon< 
belonging  to  3   individuals,  were  found.      Soi 
rhinoceros*  bones  have  also  been  detected  in 
caves  of  Kirkdale  and  Wirksworth,  of  the  Crawh 
rocks  near  Swansea,  and  Paviland,     To  the  aboi 
must  be  added,  the  bones  found  in  Ava. 

From  a  comparis< 
of  the  whole    fad 
M.  Cuvierconclud* 
that  a  large  unknot 
species  of  rhinocen 
is  found  in  a  gr^ 
number  of  places 
Europe  and  Asia; 
integrity    of    win 
bones  indicates   tl 
they  have   not  b< 
transported    Irom 
distance,    but    hat 
been  buried  by  a  su< 

&tli  tooth  or  th«  left  Ridi>  of  a  foMll  rUno-      i„«  rpvohltifin  ofthf" 

globe,  which  has  destroyed  the  whole  species,     I( 
size  was  nearly  the  same  with  that  of  the  iiv 


ELASMOTHERIUM  AND  ANCIENT  HORSE.         54-1 


rhinoceros.  But  there  were  3  other  fossil  species ; 
one  of  them  much  smaller,  not  equalling  tlie  tapir 
in  size. 

V-  The  Elasmotherium. — This  ia  a  genus  of  fossil 
animal  of  Siberia,  discovered  and  described  by  M. 
Gothelfde  Fischer,  aulic  counsellor  of  tlie  empe- 
ror of  Russia,  and  Professor  at  Moscow.  Its  teeth 
are  very  peculiar,  showing  its  diet  to  have  been 
more  completely  graminivorous  than  that  of  the 
rhinoceros  j  and  more  similar  in  this  respect  to  the 
elephant  and  the  horse.  M.  Cuvicr  considers  it  as 
forming  an  intermediate  link  between  the  horse  and 
rhinpceros,  but  of  the  size  of  the  latter.  It  had,  prob- 
ably, the  aspect  of  a  gigantic  horse ;  and  is  thought 
by  M.  Cuvier  to  liavc  been  an  astonishing  animal. 

VI.  Fossil  Horse, — The  bones  of  tins  animal  are 
almost  as  common  in  the  diluvial  strata  as  those  oi' 
any  other  of  the  larger  species  ;  but  they  have  been 
hitherto  little  attended  to  in  the  works  on  fossil 
remains.  There  are  thousands  of  horses'  teeth  in 
the  celebrated  deposit  of  bones  of  elephants,  rliino- 
ceroses,  tigers,  and  hyaenas,  chscovered  in  I7OO, 
near  Canstadt  in  Wirtemberg.  A  similar  assem- 
blage was  recently  discovered  at  Thiede  near 
Wolfenbiittel ;  at  Fouvent  in  France  ;  in  the  Val 
d*Amo ;  in  the  caves  of  Kirkdale,  Mendip,  Cliilon, 
and  Plymouth,  and  Paviland  in  England ;  in 
diluvial  loam,  near  Oxford,  Walton,  and  Lawford. 
M.  Cuvier  says  he  has  been  always  struck  with  the 
fact  that  the  really  fossil-hoi*se  l>ones  never  attain  to 
the  magnitude  of  those  of  our  great  horses ;  remain- 
ing usually  at  the  middle  size  of  zebras  and  large 
asses. 


A 
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He  concludes  that 


of  the 


hoi 


speciea  or  tne  genus 
served  as  a  faithful  companion  to  tlie  elephants  and 
the  other  animals  of  the  saine  epoch,  whose  remains 
are  now  numerously  scattered  among  the  dilvivi 
beds  ;  and  that  tlicre  is  no  very  marked  cUfteren^ 
between  its  bones  and  those  of  our  living  breeds. 

VII.  Tlie  daman,  the  tapir,  and  the  rhinocei 
possess  great  osteological  affinities,  as  well  as 
skeleton   of  the   horse ;    but   their  differences 
such  as  to  allow  of  intermediate  genera.     Th( 
intervals,    these   chasms    now    left   in    the   sen* 
appear  to  have  been  anciently  filled  up  by  genera, 
of  which  notliing  but  tlie  fossil  remains  are  knoi 
to  us ;    but  whose  teeth,  feet,  and  other  charact) 
istic  organs  lean  in  part  to  the  one,  and  in  part 
the  other  set  of  animals ;  yet  differing  from  tin 
as  a  whole. 

Thus  we  find  in  the  environs  of  Paris  and  eb 
where,  the  genus  of  the  paUcotherlums^  whii 
resemble  the  tapirs  in  their  incisor  and  canii 
teeth,  and  especially  in  having  nasal  bones  adapti 
to  bear  a  proboscis  ;  but  with  grinders  Uke  those 
the  rhinoceros  and  the  daman. 

In  the  same  locality  we  observe  the  genus 
ploilierium,  which  has  also  grinders  akin  to  tliose 
the  rliinoceros  and  daman,  the  nose-bones  of  whi< 
are  formed  as  in  the  greater  number  of  quadnipetUi 
but  whose  incisor  and  canine  teeth,  as  well  as  fed 
are  disposed  in  a  singular  manner  in  tliis  class 
animals.     All  its  teetli  form  merely  one  unintt 
rupted  series  as  in  man,  and  its  feet  have  only 
toes  like  those  of  ruminants,  \\ithout  having  th< 
metatarsal  and  metacarpal  bones  united  into  on 
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body  (canon)  as  they  are  in  the  above  family. 
Among  these  vai'ious  exuviic  \vc  may  discover 
some  which  appear  to  resemble  the  tapir  more  than 
any  other  genera,  by  the  transverse  and  almost 
straight  hillocks  (coUinesJ  which  stand  in  relief 
on  several  of  their  grinders ;  which  M.  Cuvier 
classes  under  the  head  of 

VIII,  Gigantic  fossil  tapirs. — Most  of  tlie  bones 
referred  by  M*  Cuvier  to  this  genus  have  been 
found  at  Comminge  near  the  river  Louze  and  at 
Chevilly  in  France.  He  considers  one  species 
of  this  animal  to  have  been  IS  feet  long,  and  11 
high,  which  makes  it  equal  to  elephants,  and  to 
the  great  American  mastodon,  Otlicr  individuals, 
those  of  Cariat  and  Clievillv  must  have  been  a  little 
less  J  but  they  were  still  very  formidable. animals. 
It  would  appear  that  these  gigantic  tapirs  date  from 
the  same  epoch  as  the  fossil  mastodons  and  ele- 
phants ;  tliat  they  lived  along  with  them,  and  were 
destroyed  by  the  same  catastroi)hc,  since  their  bones 
are  found  in  the  same  diluvium,  and  sometimes  as  at 
Chevilly  and  Avaray  mingled  peie-mele  with  theirs^ 

IX.  Fossil  lophiodons,* — This  is  a  genus  of 
animals  akin  to  the  tapirs  by  their  incisor  and  canine 
teetli,  and  by  their  size  ;  but  whose  anterior  and 
posterior  grinders  present  some  dift'erences.  It 
is  douhtfrd  if  these  animal  remains  belong  to  the 
diluvial  detritus,  M.  Cuvier  thinks  that  they  should 
be  referred  to  the  superior  regular  strata,  and  are 
therefore  of  a  prior  date  to  the  fossil  elepliants, 
mastodons,  &c.     Many  of  them  have  been  found 


-V-'^yl'  From  the  Greek ;  hiUock-formed  or  created  teeth. 
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near  the  village  of  Issel,  along  the  slopes  of  tl 
Montagne-Noirc,  department  of  Aude,  impasted  iu 
a  very  hard  kind  of  pudding-stone,  or  alhmal  sandfl 
stone,   composed  of  siliceons  grains   of  dift'erent 
colours,  rolled  and  irregularly  rounded,  and  bound 
together  by  a  calcareous  cement.     A  great  portion 
of  the  bones  were  mutilated,  and  a  greater  numbd^ 
still  had  been  rolled  before  being  incrusted.    Some 
are  dyed  black,  others  dun,  and  others  a  beautify^ 
violet.     Besides  the  bones  of  lophiodons,  and  palef^B 
theriums,  there   have   been   extracted   from   tliat 
breccia,  bones  of  crocodiles,  bones  of  large  turtl 
probably  of  the  genus  emydesy  and  incontestibl 
bones  of  the  trioiiyx  or  soft  turtle  ;  circumstan 
the  more  remarkable  as  these  diflcrcnt  genera  accom- 
pany one  another  almost  constantly  in  the  localities 
where  they  have  left  their  exuviae,     Tlie  ]ophi< 
dons  occur  very  numerously  in  these  recent  c 
gloraerates. 

Their  generic  characters  consist : 

1.  In  6  incisors  and  two  canine  teeth  in  i 
jaw;  7  molares  or  grinders  on  each  side  in 
upper  jaw,  and  G  in  the  under,  with  a  vacant  spa 
between  tlie  canine  and  the  first  molaris ;  points 
which  they  resemble  the  tapirs, 

2.  In  a  third  crest  on  the  last  under  molaris 
which  is  wanting  in  the  tapirs. 

3.  In  the  anterior  grinders   oi'  the  lower  jai 
having  no  transverse  hillocks  as  in  the  tapirs, 
presenting  a  longitudinal  series  of  tubercles,  or 
insulated  conical  tubercle. 

4.  In  the  superior  grinders  having  tlicir  transvc 
crests  more  oblique,  thereby  akin  to  the  rhino 
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from  wliich  they  diiFer  by  the  absence  of  the  hooks 
in  tlieir  crests. 

What  is  further  known  concerning  the  oste- 
ology of  the  lophiodous  indicates  manifest  affinities 
with  the  tapirs,  rhinoceroses,  and  in  some  particu- 
hirs,  witli  the  hippopotamuses.  There  are  several 
species  of  them  ;  the  whole  remains  of  which  are 
found  enveloped  in  beds  containing  exclusively 
frcshwatt^r  shells  ;  associated  with  amphibious  ani- 
mals, such  as  the  crocodile  and  trionyx,  which  now 
inhabit  tlie  freshwaters  of  hot  countries;  but  in  a 
iew  places,  these  remains  are  covered  with  a  stra- 
tum undoubtedly  of  marine  formation. 


X.  Of  the  Megatherium, 


This  is  of  all  the  fossil  animals  of  very  great  size, 
the  most  lately  discovered,  and  hitherto  the  rarest  j 
and  yet  it  is  the  one  whose  osteology  was  first  com* 
pletcly  understood,  in  consequence  of  all  its  bones 
being  found  assembled  in  one  place,  and  of  their 
being  immediately  mounted  into  a  skeleton  with 
the  utmost  care.     To  the  pndse  of  the  Spaniards  it 

2q 
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must  be  said,  that  they  first  gave  this  useful  lesson, 
since  followed  by  Mr.  Peale  in  the  American  Mas- 
todonte,  and  by  Mr.  Adams  in  the  Siberian  elep 

From  the  publication  of  Don  Joseph  Garriga,  i 
.jappcars  that  Spain  lias  been  long  in  possession 
considerable  portions,  of  at   least   three  diffi 
[.skeletons.     The  first  and  most  complete  is  that 
the  Royal  Cabinet  of  Madrid,     It  was  sent  thitb 
in  the  course  of  September  1789,  by  the  Marq 
<le  Loretto,  viceroy  of  Buenos  Ayres,  with  a  notice" 
intimating  that  it  had  been  found  ia  excavations 
made  on  the  borders  of  the  river  Luxan^  a  league 
south-east  of  the  city  of  the  same  name,  which  itsi 
is  3  leagues  to  the  west-south-west  of  Buenos  Ay 
The  soil  in  which  it  was  found  is  raised  only  abo 
36  feet  above  the  level  of  the  water.     A  s 
skeleton  arrived  in  1795,  at  the  same  Cabinet, 
thither  from  Lima  ;  and  a  third,  which  father  E 
nando  Scio  of  the  pious  schools  possessed,  had 
presented  to  him  by  a  lady  returning  from 
guay.     These  two  cannot  now  be  found. 

The  first  anioial  of  17B9  was  mounted  up  by  Jean-Bftptiat«>Bra 
proscctcur  of  tlio  Royal  CabiDet  of  Madrid,  w}io  delineated  the  tsh 
tire  figure  of  it,  and  its  different  parts  in  fire  plates  which  be  got 
engraved,  and  published  witli  a  miiintely  detailed  description.  Ii^| 
1818  tho  znegatlierium  was  inspected  by  a  Livoniaii  anatoiuist  aw^™ 
a  German  draughtsman  conjointly,  who  published  at  Bonn  in  1881 
an  exact  deacriptioo  and  represeutation  of  the  skeleton. 

The  first  glance  at  iu  head  lays  open  to  as  the  most  marked  re- 
lations with  the  structure  of  the  sloths  and  their  al  Bpeciw  of  Bof- 
fon.  The  motit  striking  point  of  resemblance  is  ilie  long  Hwcciid 
ing  apophysis  on  the  cheek,  placeil  at  the  anterior  base  of  the  smv 
matic  arcade.  This  is  as  long  in  proportion  in  the  ai,  as  in  tW 
megatherium,  but  in  the  latter  it  has  a  more  upright  direction.  TV 
foHHtl  has  also  the  arcade  in  one  piece,  whiWt  it  ia  disGOatinuons  i 
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bolli  wppcie*  of  nlottm  even  wlien  fall  grown ;  however  traces  may 
still  Ix!  Been  in  the  arcade  of  the  naegaiberium  of  the  structure  pe- 
culiar to  alotha. 

The  long  ohlique  process  which  risea  from  the  upper  edge  of  the 
arcade  exists  abo  in  the  ai.  The  multitude  of  holes  and  little  ca- 
nals with  which  the  front  part  of  the  fossil  muzzle  is  riddled,  would 
allow  veHsels  and  nerves  to  pass  through  proper  for  cherishing  a  con- 
siderahle  organ  like  a  proboscis,  whicli  must  however  have  been 
very  abort,  seeing  the  length  of  the  neck.  Aa  the  head  has  a  mo- 
derate size  aiid  carries  no  tusks,  along  neck  was  not  so  injurious  as 
it  would  be  in  the  elephant. 

The  grinder  teeth  amount  to  four  on  eacli  side,  both  of  the  upper 
an<l  under  jaw,  and  like  those  of  sloths,  have  a  prismatic  form  and 
crown  tnivereed  by  a  furrow.     Tliii  sloths  have  one  tooth  moro 
in  the  upper  jaw.    The  former  have  two  roou,  the  latter  a  single  one. 
If  the  nutnber  of  seven  vertebrne  seen  in  the  neck  of  this  skele- 
ton be  real,  an  the  analogy  of  other  quadrupeds  would  make  us 
readily  belifve^  the  megatherium  will  flifFer  much  in  this  respect 
from  the  nloth  ai,  which  deviates  in  its  nine  cervical  vertebrs  from 
all    kowtt  quadrupeds.     There  am  in   the   megatherium    sixteen 
doptal   vertebtie  and  cousequently  sixteen  ribs  on  each  side^  and 
there  are  three  lumbar  vertebrae.     This  is  exactly  the  aumber  in 
the  a?.     The  relative  proportion  of  tlic  extremities  is  not  the  same 
as  in  the  sloths,  which  have  the  forelegs  double  tlie  length  of  their 
hind  legs.     Here  that  inequality  is  much  less.     On  the  other  hand 
the  disproportionate  thickness  of  the  bones  of  the  thigh  and  leg, 
which  begin  to  be  Tisible  in  the  sloth,  tlie  armadillo,  and  especially 
the  pangolin  or  shon-tailed  manis,  is  carried  in  the  fossil  skeleton 
to  an  excessive  degree,  the  thigh  bone  having  a  length  only  double 
of  its  greatest  thickuess^  which  makes  it  grosser  than  any  animal 
known,  even   the  great  niastodonte  of  the   Ohio.     Thw  general 
disposition   of  the   extremities  leads  us  to  judge  that  this  animal 
had  a  slow  luul  regulated  gidt,  and  tliat  it  advanced  neither  by  run- 
ning nor  by  leaping,  as  animals  which  have  their  forelegs  t«horter 
tlian  the  hind  ones,  nor  by  creeping,  like  those  with  relatively  long 
Iliad  leg«,  as  the  sloths ;  which  the  megatherium  otherwise  ao  much 
resembles. 

Tiie  bhoulder  blade  alone  wouhl  indicate  the  family  of  the  animal, 
and  the  gcnu*^  to  which  it  is  most  nllicrb     It  has  not  only,  on  a 
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great  ncale,  tlie  ffame  proportioits  a8  tlie  flloOis,  but   it  extiibhi 
tlic  round  hole  ohf>ervaI>ln  in  tdis  ^ennft,  r»  well  as  in  the 
ant-eater  ftamandvaj  ;  and   furtlicr  it  pOHsenses  in  cororooa 
the  slotbs  this  character  unknown  elsewhere  auiong  tbe 
that  itH  acrnmiou  procpRs  b  prolnngrd  In  form  of  an  are, 
forwarila  to  join  itself  witli  the  conu-oid  beak,  afTording  throogli  iti 
articolatton  with  tbe  rlaWcle.     The  prescnr^  of  claTiclca 
the  niegatheriuni  con!^idei'&)>ly  frnm  all  the  quAdrnpods  which 
be  confounded  with  it  on  account  of  its  huge  ai/e,  as  the  elepl 
rbinoceroB,  and  all  the  large  mmiaating  animals,  none  of 
posAesH  these  bones. 

Tbe  humerus  (shoulder-hone)  of  the  megntherium   in  rery 
markable  by  the  breadth  of  ita  lower  end,  arising  from   the 
aurftice  of  the  ridges  placed  above  its  condyles.      We  therebjr 
Uiat  the  muscleH  attached   to  it,  and  which  «erve<l  to   move 
palm  and   tbe  toes,  must   liave   been  very  considerable ; — a 
proof  of  ttie  great  use  this  animal  made  of  ita  anterior  extremiiil 
In   like  manner  this  great  breatlth  of  tbe  bottom   of  tbe 
is   alHO  found   in  the   ant-cater,  which   is  known   to   emplof 
enormous  claws  for  suspending  itself  to  trees,  or  fordi^nring  spi 
solid  oests  of  termites.     In  it,  tbe  breadth  is  three-6fth.i  of 
length,  while  it  is  only  one-half  in  the  megatherium  ; — tbe 
tion  of  the  scaly  ant-eater  witli  a  long  tail  or  the  pftaioffin  f. 
ietrudactyia  Lin.).     In  the  rhinoceros  this  breadth    is  onl^ 
third,  and  in  the  elephant  one-fourth  of  the  length.      In  tbe 
Dating  animals,  which  make  almost  no  nsa  of  their  toes,  Uwsi 
ridges  nearly  disappear. 

Thus  the  aflinities  of  nnr  foftsil  begin  to  extend.  FVom  a  bead 
and  a  shoulder-blade  almost  exactly  like  a  doth,  we  harp  eoam 
to  a  humerus  nearly  of  an  ant-eater. 

Tlie  basin  resembling  in  ittt  enormous  size,  that  of  the  eWphnS 
and  rhinoceros,  indicates  that  the  megatherium  had  a  lai^  bdlf 
iu  nccxirdancQ  with  tbe  form  of  its  grinder  teetli,  and  show*  lk|^H 
it  lived  on  vegetable  substances.  The  thigh  bone  is  too  large  i^| 
comparison  with  any  otlier  animal.  The  uearest  is  that  of  tW 
rhinoceros,  but  this  diifers  in  having  a  third  trochanter,  whidi  ii 
wanting  in  the  fossil  thigh,  giving  it  a^  close  analogy  in  fona  wtk 
that  of  tlie  pangolins. 

The  inspection  of  a  skeleton  so  complete,  ami 
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fortunately  preserved,  enables  us  to  form  conjee* 
tares  somewhat  plausible  on  the  nature  of  the  ani- 
mal to  which  it  had  belonged.  Its  teeth  prove 
tJiat  it  lived  on  vegetables,  and  its  robust  ibre-feet, 
anned  with  sharp  claws,  testify  that  it  was  chiefly 
their  roots  which  it  sought  after.  Its  magnitude, 
and  its  talons,  supplied  it  witli  abundant  means  of 
defence.  It  was  not  swift  in  running,  but  tliis  was 
unnecessary,  as  it  had  no  occasion  either  to  pursue 
or  to  fly.  It  would  therefore  be  difficult  to  And  in 
its  organization  alone  the  causes  of  the  final  destruc- 
tion of  the  genus ;  and  yet  if  it  still  exists,  where 
can  it  be?  How  can  it  have  escaped  all  the 
reseiu-ches  of  hunters  and  naturalists?  Its  ana- 
logies approximate  it  to  diflerent  genera  of  the 
edental  or  toothless  family  of  animals.  It  has  the 
head  and  shoulder  of  a  sloth — a  creature  possess- 
ing botli  tusks  and  grinders  j  while  its  limbs  and 
its  feet  exhibit  a  singular  mixture  of  characters 
belonging  to  the  ant-eaters  and  the  armadillos.  It 
has  no  analogy  whatever  with  tlie  feUs  or  tiger 
tribe.  The  wood-cut  represents  exactly  the  form 
of  its  skeleton,  which  is  fully  13  feet  long  from  the 
muzzle  to  the  coccyx,  and  9  feet  high  at  the  saddle- 
seat.  The  terra  megatherium  signifies  a  huge  wild 
beast. 

XI.  The  megalonj/T  is  another  large  fossil  ani- 
niid  of  the  edental  family,  of  which,  however,  only 
u  few  bones  were  found  at  a  depth  of  two  or  tliree 
feet,  in  a  cavern  of  the  county  of  Green  Briar,  in 
the  south-west  of  Virginia.  The  district  is  calcaie- 
ous,  and  consequently  similai'  to  tliat  of  the  mineral 
strata  of  Gennany  and  Hungary,  where  the  liunous 
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fossil  bears*  bones  abouriJ.     Tliis  animal  has  be* 
carefully   compared  with  the  megatherium  by 
.Cuvier,  and  shown  to  be  of  a  different  species. 
megalonyx  is  so  called  from  the  magnitude  of  i1 
claws. 

Besides  the  above  marked  genera  of  extinct 
cient  animals  there  have  been  found  in  our  diluvi 
soils,  fossil  bones  of  the  hyiena,  tiger,  bear,  wol 
fox,  weasel,  ox,  deer,  hog,  and  castor.  But 
these  also  mostly  occur  along  with  some  other 
such  as  the  rabbit,  water-rat,  glutton,  and  birds*  in 
the  bone  caverns  of  calcareous  rocks,  and  the 
fissures  of  tlie  breccias  on  the  Mediterranean  shoi 
we  shall  consider  all  the  remaining  victims  of  tte] 
deluge,  in  our  survey  of 

Aiitediluviayi  deiis,  and  rocky  fissures. — The  for-" 
mer  contain  the  bones  of  tiie  various  animals  whicbl 
used  them  as  places  of  residence  or  retreat ; 
latter,  of  such  as  accidentally  fell  into  them,  and 
perished.  The  caverns  lie  for  the  most  part  in  the 
older  calcareous  formations,  such  as  the  transition, 
mountain,  and  Alpine  Hmestones  ;  but  tlie  fissures 
abound  in  less  ancient  rocks.  Besides  the  fossil 
pachydermata,  already  brought  before  us  in  the 
diluvium^  we  shall  here  meet  with  the  following 
genera ;  the  bear,  hya-na,  tiger,  wolf,  fox,  weasel, 
ox,  deer,  rabbit  or  hare,  water-rat,  mouse,  glutton, 
castor,  and  birds.  On  the  antediluvian  forms  of 
these  animals,  we  shall  offer  a  few  preliminary  obser* 
vations. 

L  Stag. — The  stag  with  gigantic  antlers  is  tj 
most  celebrated  of  all  the  fossil  ruminants,  oi 
which  naturalists  unanimously  regard  as  a  species 
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unknown  in  the  living  state.  Its  remains  are  more 
abundant  and  complete  in  Ireland,  than  in  any 
other  country  ;  but  a  few  have  been  found  also  in 
England,  France,  Germany,  and  Italy.  They  occur 
in  a  marly  diluvium  similar  to  that  in  which  the 
bones  of  fossil  elephants  so  frequently  lie.  M. 
Cuvier  shows  that  the  head  and  antlers  of  this 
animal,  distinguish  it  from  the  elk  and  every  other 
species  of  the  deer  tribe. 

The  organic  remains  of  Etampes,  found  buried  in 
sandstone  strata  of  that  district,  is  a  fossil  species, 
akin  to  the  rein-deer,  of  which  fragments  also  occur 
in  the  cavern  of  Bregue,  department  of  Lot.    Many 
other  exuviae  besides  these  bones  and  antlers  have 
been  collected  in  tlie  same  places,  as  bones  of  the 
elephant,  ox,  and  some  caniivoray  the  rhinoceros, 
and  horse.     Fossil  remains  of  deer  are  not  uncom- 
mon in  the  bone  caverns  of  England  and  Germany. 
There  are  many  also  found  in  modern  alluvia  and 
peat  bogs,  which  are  referrible  to  postdiluvian  races. 
II.  The  fossil  ox, — The  form  of  tlie  skull  can 
alone  determine  the  species  of  this  genus,  which  is 
much  less  numerous  in  the  fossil  kingdom  than  the 
stag.     Hitherto  only  3  have  been  found ;  one  re- 
sembling the  aurochs  or  bison,  another  the  common 
ox,  and  a  third  the  musk  buffalo  of  Canada.    Their 
resemblance  to  the  living  species  is  so  close,  as  to 
make  it  very  difficult  to  define  their  distinctions. 
From  an  elaborate  comparison  of  the  fossil  remains, 
with  the  anatomy  of  the  actual  races,  M.  Cuvier 
draws  the  following  conclusions : 

That  the  genus  ox  existed  at  the  same  epoch 
with  the  extinct  elephants  and  rhinoceroses  : 
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That  there  were  then  at  least  two  species  of  ox 
one  with  limber  extremities  like  the  bison ;   ani 
anotlier  with  thicker  limbs  like  the  bull  or  bui&lo  •.( 
That  the  skitlls  similar  to  our  domesticated  oi 
have  not  been  found  in  an  authentic  manner  excei 
in  peat-bogs  or  other  very  supei'ficial  beds.     It 
therefore  not  impossible  that  diese  may  have  a  moi 
modem  origin  than  the  elephants'  and  rhinoceros*] 
bones,  and  that  they  may  have  belonged  to  the  wil( 
stock  of  our  tame  ox. 

No  fossil  bones  have  been  found  which  coi 
spond  to  any  variety  of  the  Indian  or  Cape  bufikloes-^^ 
consequently,  il*  the  fossil  species  belong  to  the 
breed  as  our  living  ones,  they  must  have  been  ii 
habitants  of  cold  countries. 

The  skulls  similar  to  those  of  the  musk  buffalo 
of  America  having  been  noticed  only  3  times  oa 
the  coast  of  Siberia,  doubts  remain  concerning  themt 
not  only  as  to  the  identity  of  the  species,  but  also 
whether  they  be  truly  fossil,  or  accidentally  im- 
ported from  America  on  ratls  of  ice. 

III.  The  fossil  bear, — Tlie  teeth  so  thickly 
strewed  in  the  German  caves,  of  which  thousands 
have  been  sold  for  centuries  back,  under  the  name 
of  the  fossil  unicorn, are  bears'  teeth  perfectly  similar, 
as  to  the  incisors,  the  canine,  and  great  molarcds 
with  those  of  our  northern  bears,  but  their  size 
indicates  peculiar  species,  being  larger,  by  at  lew^t  i 
one-fourth,  than  the  teeth  of  our  living  bears.  These 
cavern  teeth  are  in  general  less  worn,  and  have  liieir 
enamel  and  all  their  prominences  more  eutiiv 
tlian  those  of  our  living  races ;  proving  that  the 
extinct  species  were  wore  exclusively  cuniivoj 
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The  skulls  of  the  cavern  bears  belong  to  at  least 
two  species, 

1.  The  great  skulls 
with  convex  fronts. 

One  of  these  is  repre- 
i^nted  in  the  wood-cut« 
On  comparing  it  with 
the  skulls  of  living 
bearSy  the  former  may 
be  readily  distinguished 
by  the  marked  elevation 
above  the  root  of  the 
nose,  and  the  two  con- 
vex bumps  on  the  fore- 
head at  O,  as  well  as 
by  the  great  promin- 
ence, and  quick  con- 
vergency,  of  the  tem- 
poral ridges  at  C; 
whereas  in  the  skulls  of  living  bears  this  coincidence 
takes  place  one-third  nearer  to  the  occiput.  This 
rising  of  tlie  ridges  denotes  the  very  superior 
strength  of  the  temporal  muscles  inserted  into  them, 
corresponding  to  the  greater  size  of  the  animal. 

■2.  The  great  skulls  with  less  convex  fronts. 

This  species  differs  also  in  some  essential  points 
from  the  living  species. 

3.  There  are  smaller  skulls  in  the  caves,  more 
akin  to  those  of  modern  bears,  but  which  M.  Cuvier 
also  refers  to  the  ancient  epocha, 

Tlie  first  form  constitutes  the  urstis  spcheus  of 
the  German  archaeologists ;  the  second  has  been 
called  ursiis  arctoides  ;  and  tlie  third,  ui'sus  yrisciis^ 
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Tlie  principal  chtirarteni  tbcrofore  of  the  tkuWs  of  tlie  ^eat  fossil 
bear,  are,  IbU  the  atrung  elevation,  in  the  forehead  iaimediately 
above  the  root  of  the  nose,  and  the  two  convex  bumps  a  little  higher 
up ;  2d,  tlie  great  prominence  of  the  temporal  ridges,  their  rapid 
convei^ency  seen  at  C  in  the  wood-cut,  and  the  length  and  height 
of  the  sagittal  suture  running;  from  C  to  the  hind-head.  The  black 
bears  botli  of  Europe  and  America  resemble  the  fossil  ones,  ia 
tlie  form  of  the  ridges  more  than  the  polar  beara  do ;  but  they 
differ  more  by  the  flatness  uf  ilieir  forehead.  The  temporal  ridgea 
of  the  black  bears  unite  into  the  sagittal  at  nearly  one-half  the  (£»• 
tancc  between  the  orbits  and  tlie  occiput ;  but  in  the  fotual  bear,  at 
one-third  of  tliis  interval,  as  rany  ho  observed  at  C.  To  these  dif- 
ferences, and  to  thoap  presented  in  the  teetli,  v/e  may  add  tho 
difl'erence  of  size.  The  largest  heads  of  our  brown  beani  meaavt:] 
14}  inchea  from  the  apuioos  process  of  tlie  hind-head,  to  the  incisor 
teeth  ;  and  the  largest  of  our  black  bears  of  Europe  measure  a  little  i 
less.  But  the  largest  of  tlic  fosuil  headu  with  projecting  frontal 
bones  measure  in  tlie  above  direction  18}  inches,  being  a.s  nearly  aa 
postiible  a  fourth  more;  which  corresponds  to  the  magnitude  iiicH- 
cated  by  the  luohir  teeth.  And  as  the  polar  bear  ia  usually 
than  our  great  brown  bear,  Camper  hail  reason  to  aay,  that  iIm, 
fussil  bear  ejcceeded  it  by  no  lens  than  a  third. 

IV.  T/t€  fossil  hyeena.'^A  hyaena  has  certaiuly 
abounded  in  that  ancient  world  whose  ruins  we 
now  explore.  Its  bones  occur  not  merely  in  the 
same  receptacles  which  contain  so  many  relics  of  j 
llie  bear,  but  also,  in  the  diluvial  beds  wliere  such 
multitudes  of  elephants  lie  buried.  The  largest 
deposit  oiliyaena  bones  observed  at  first>  where  their 
numbers,  says  Cuvier,  may  be  deemed  marvellous, 
was  in  the  cave  of  Kirkdale,  so  admirably  described 
by  Doctor  Buckland.  A  far  greater  deposit,  how- 
ever, has  since  been  discovered  at  Torquay. 
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Oiitsidc  view  of  the  jaw-bone  of  a  fossil  hjienB,  found  at  Kirkdnlc, 
copied  from  Dr.  Buckland's  engraving,  plate  x\'iu.  fig.  2.  Phil.  Trans, 
for  I82S.  It  is  about  a  third  larger  than  that  of  the  living  hytena.  The 
formidable  canine  luak  i.s  seen  to  the  left,  then  four  molar  teeth,  the  lust 
and  largest  of  which  ia  called  llie  great  camivorotu  fcamassitrej. 
This  tooth  resembles  the  corresponding  one  in  the  spotted  hveena,  more 
than  in  the  striped.  But  the  spotted  hyaena  has  the  posterior  kuob 
(talon)  of  that  tooth  much  less  than  the  striped  and  the  fossil  hyaMia. 
The  great  thickness  of  the  teeth  harniontzes  well  with  the  delight  and 
facility  with  wtiich  hyanus  are  known  to  gnaw  and  devour  bones. 

The  fossil  hyjena  seems  to  have  been  more 
powerful  tlian  the  existing  species  j  its  limbs  were 
somewhat  thicker  and  shorter  j  and  its  anatomy 
differed  in  some  minute  particidars. 

V.  Fossil  felts,  or  tiger  and  lion  family, — A  very 
large  animal,  and  another  less,  both  belonging  to 
the  genus /e/eX  liaveleft  their  exuviae  in  the  caverns 
and  diluvium ;  the  former  has  been  called  felis 
spelara,  the  latter  felis  antiqtia.  It  is  tlierefore  incon- 
testable that  fossil  species  of  tiger  or  lion,  lived  at 
the  same  period  with  the  fossil  bears,  and  retired 
into  the  same  caverns,  where  the  bones  of  both 
genera  lie  promiscuously,  along  with  bones  of 
hyauias^  but  the  fehs  tribe  was  less  numerous.     M. 
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Goldfiiss  says  that  in  twenty  years,  during  which 
time,  several  hundred  bears'  skidls  were  extracted 
from  the  caves  of  Muggendorf,  no  more  than  15 
skulls  of  hyaenas  were  found,  and  only  3  or  4  of  the 
Jelis  tribe  ;  but  he  states  tliat  at  Gaylenreuth,  the 
separate  teeth  and  bones,  and  fragments  of  the 
skulls  of  tigers  or  lions  are  not  rarer  than  tliose  of 
hyicnas. 

The  inverse  proportion  holds  in  the  Kirkdale 
cave ;  where  tlie  hyaena  remains  are  far  more 
numerous  than  tliose  of  the  other  camivora  ;  wiiile 
ihcfelis  exuviae  are  very  scarce,  and  there  is  hardly 
a  vestige  of  the  bear.  The  bones  of  the  io%s\\feU$ 
are  in  general  stronger  tlian  those  of  the  living 
animals  of  this  tribe,  and  in  some  particulars  of 
their  osteology  specifically  different, 

VI.  A  few  fossil  bones  have  been  found  belonging 
to  the  genus  Canis,  These  have  been  referred  to 
the  wolf  or  dog ;  the  osteology  of  these  animals 
being  nearly  the  same  ;  a  few  to  the  fox  and  to  a 
species  tlie  size  of  the  polecat ;  and  some  to  the 
weasel. 

VII.  M.  Soemmering  discovered  in  the  cavern  of 
Gaylenreuth  a  skull  of  the  genus  ursus  gulo  or 
glutton,  whose  only  species  now  known,  inhabit 
exclusively  cold  regions. 

'*  The  glutton  and  the  hyaena,  the  rein-deer  and 
rhinoceros,  in  the  same  caverns,  as  we  obser\e  at 
Gaylenreuth  and  Ikeugues ;  tlie  bison  (aurochs) 
and  the  elephant,  in  the  same  dituvitmi  as  we  find 
iu  the  valley  of  the  Arno,  reveal  certauJy  a  state 
of  the  earth  very  dii!erent  from  what  we  witness,  or 
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imply  in  these  animals  a  temperament  opposite  to 
wijat  their  kindred  species  now  display."* 

On  these  suggestions  I  woidd  merely  observe, 
that  the  fossil  vegetable  remains  exiiuraed  in  high 
latitudes,  in  Melville  Island  and  Siberia,  as  well  as 
in  the  strata  of  Germany,  France,  and  England, 
establish  beyond  all  possibility  of  a  doubt  the  far 
higher  temperature  which  prevailed  in  these  regions 
on  the  antediluvian  globe,  than  at  the  present  day. 


OF  THE  BONE  CAVERNa 

All  the  great  calcareous  formations,  the  mountain 
limestone,  as  well  as  the  more  modem,  are  exca- 
vated in  many  directions  into  large  vaults  and  fis- 
sures, several  of  which  have  been  long  admired  on 
account  of  their  s])arry  roofs  and  stalactitic  projec- 
tions. In  the  stratified  limestone  of  Crete,  lies  the 
famous  labyrinth.  Through  the  whole  island,  says 
Tournefort,  there  is  a  world  of  caverns ;  especially 
in  Mount  Ida,  there  are  holes  you  may  run  your 
head  in,  bored  tfiroughand  through,  and  very  deep 
perpendicular  chasms  also  abound.  In  the  lime- 
stone  districts  of  England  we  have  likewise  a  vast 
number  of  such  vaults  and  subterranean  rivers,  as 
in  Derbyshire,  where  Mr.  Farey  enumerates  S8 
remarkable  caverns,  and  as  many  open  fissures, 
locally  called  shake-holes,  or  swallow-holes,  from 
their  swallowing  up  the  streams  that  cross  the 
limestone  districts  of  that  country.  The  fissures 
descend  from  the  surface  to  a  very  considerable 
depth,  and  often  expand  into  vaults  or  communi- 


•  Cuvier,  Osscmens  Fossites,  Tom.  TV.  p.  467. 
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cate  laterally  with  caverns.  Many  such  excavations 
ingulph  rivers  in  the  limestone  formations  of  tlie 
Mendip  lulls  and  Soutli  Wales,  in  tlie  west  of  Ire- 
land, Camiola,  and  North  Ameriea. 

The  bone  caverns  of  Germany  are  quite  analo- 
gous.    Nothing,  says    M.  Cuvier,  is   more    truly 
curious  than  the  new  theatre  into  which  I  am  about 
to  transport  my  readers.     Numerous  grottoes,  bril- 
liantly decorated  with  crystalline  stalactites  of  every 
form»    succeeding   each   other  to   a  great   extent 
through  the  body  of  the  mountains,  communicating 
together  by  openings  so  narrow  that  a  man   can 
hardly  proceed  by  crawling  on  his  hands,  yet  with 
tlieir  floors  all  bestrewed  with  enormous  heaps  of 
bones  of  animals  of  every  size,  form  undoubtedly 
one  of  the  most  remarkable  phenomena  which  the 
fossil  kingdom  can  present  to  the  meditations  of  the 
geologist,  more  especially  when  we  consider  that  this 
scene  of  mortality  is  repeated  in  a  great  many  places, 
and  through  far  distant  lands-     No  wonder  then 
that  these  vaults  of  death  have  become  objects  of 
research  to  the  ablest  naturalists,  and  tliat  their  bony 
relics  have  been  otten  described  and  figured.     Prior 
to  such  philosophical  inquii-ies,  however,  these  bones 
were  famed  among  the  populace  ;  who,  as  usual, 
added  many   imaginary  prodigies   to   the    natural 
wonders  which  tliey  had  seen.     The  bones  were 
long  dug  up  and  sold,  as  bones  of  thc^wiV  imicorw, 
to  the  apothecaries,  on  account  of  some  singular 
virtues  which  they  were  reputed  to  possess;  and 
there  is  no  doubt  that  this  strange  traffic  contri- 
buted mainly  both  to  the  investigation  of  oldca\'es, 
and  to  the  discovery  of*  new  ones. 
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The  most  anciently  celebrated  cavern  is  tliat  of 
Bauman  in  the  Duke  of  Brunswick's  dominions,  in 
the  district  of  Blankenbourg,  to  the  south  of  the 
village  of  this  name,  in  a  hill  wliich  i'onns  one  of 
the  exterior  slopes  of  the  Hartz  niounUiins  towards 
the  east.  The  general  direction  of  the  cave  is  from 
east  to  west,  but  the  entrance  looks  to  the  north. 
Although  it  soon  expands  into  an  ample  vault,  the 
mouth  is  narrow,  and  can  be  entered  only  by  crawl- 
ing. Tlie  first  grotto  is  the  largest ;  from  which 
there  is  a  descent  into  the  second  of  30  feet,  at  first 
by  a  narrow  gallery  through  which  we  must  creep, 
and  tlien  by  going  down  a  ladder.  This  grotto  is 
the  richest  of  all  the  German  caves  in  stalactites  of 
every  form.  The  passage  to  the  third  grotto  is  at 
first  peculiarly  difficult,  compellmg  the  visitor  to 
advance  on  all  fours  ;  but  it  afterwards  enlarges, 
exhibiting  on  its  walls  stalactites  of  the  most  fantas- 
tic  shapes.  From  this  vault,  there  are  two  lateral 
dilatations  which  constitute  the  third  and  fourth 
grottoes  as  delineated  in  the  plan  of  tlie  Jcta  Erudi- 
tor  urn.  At  the  extremity  of  the  passage,  it  is  requi- 
site to  rcascend  in  order  to  reach  the  entrance  of 
the  proper  third  cavern,  which  opens  out  like  a 
a  gateway.  Beyond  this  third  grotto,  tliere  is  said 
to  be  another  passage  terminating  in  two  small 
caves. 

The  Rev.  Dr.  Buckland  has  published  in  his 
Reliquia;  Diluv.  an  accurate  section  of  Bauman's 
Ilohle  in  the  Hartz.  The  fii'st  or  grand  chamber, 
is  from  40  to  50  feet  in  diameter,  with  stalactites  on 
various  parts  of  its  roof.  Its  floor  is  covered  with 
a  bed  of  diluvial  loam  containing  some  bones  and 


660 


BOOK  III.-CHAP.  VI.-ANIMAL  RUINS* 


pebbles,  and  having  on  its  surface  a  few  fraficmenl 
of  stalagmite,  left  by  the  labourers  along  with  lar^ 
blocks  of  limestone,  fallen  from  the  roof.  Th 
intermediate  expansion  between  the  first  gre: 
grotto  and  the  last,  or  lower  vault-,  is  floon 
with  a  thick  crust  of  stalagmitic  spar,  covering 
large  accumulation  of  loam  and  large  pebbh 
through  which  are  dispersed  great  quantities 
bears'  bones-  The  lowest  cavern  is  of  a  simil 
nature. 

A  second  grotto,  nearly  as  famous  as  the  firsi 
and  at  no  great  distance  from  it,  is  called  the  Ui 
corn's  cave.  It  lies  at  the  base  of  the  castle 
Scharzfels,  in  that  district  of  the  electorate 
Hanover,  called  the  duchy  of  Gnibenhagen,  oi 
nearly  the  last  southern  slope  of  the  Hartz  moui 
tains.  The  entrance  is  ten  feet  high  and  seveitj 
wide.  There  is  a  vertical  descent  of  fifteen  fei 
into  a  kind  of  vestibule,  whose  roof  gradually  sloped] 
downwards  till  at  the  end  of  60  paces,  the  visit* 
is  obliged  to  crawl.  After  a  long  passage,  he  m( 
successively  with  3  or4  caverns,  which  the  country] 
people  say  extend  nearly  two  leagues  into  the 
mountain.  The  bones  taken  from  this  repository] 
belong  to  bears,  the  hya^nii,  ami  a  tiger  or  lion,] 
Doctor  Buckland,  who  explored  it,  represents  iii\ 
roof  as  hung  with  stalactites  ;  but  much  of  tJic  cari^ 
pet  of  stalagmite,  as  having  been  destroyed  and] 
removed  by  those  who  dug  up  the  bones.  Over 
the  solid  floor  of  the  cave  a  bed  of  brown  earth  or 
diluvial  loam  is  spread,  interspersed  with  angularj 
fragments  and  rounded  pebbles  of  limestone,  and  4 
few  remaining  bones  and  teeth.     The  undermost 
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vault,  still  undistiirf)ed,  is  filled  with  the  same 
diluvium  copiously  stuffed  with  bones. 

The  chain  of  the  Hartz  offers  some  other  caverns 
of  less  notoriety,  tliough  quite  analogous. 

The  cave  of  Hartzbourg,  under  the  caaile  so  named,  aiid  above 
Gofllar  to  the  eoutti,  is  mentioned  by  Behrena  ;  that  of  Uf{tningen> 
in  the  lord9)u(>  of  Stalberg ;  and  a  third  called  DieUs-loc/tj  or  the 
robbers'  hole.  SieU  UqIUc  nearly  opposite  Bauman's  seems  to 
contain  no  bones,  and  is  accordingly  omitted  by  M.  Cavier.  A 
section  exhibitiug  its  Hiugntar  zig-zag  windings  is  given  by  Doctor 
Buckland ;  which  serves  also  to  explain  how  the  dilurial  deflox 
firoo|>ed  out  tlie  pre^u'nt  entrances  into  those  two  caves,  while  the 
old  ones  were  obliterated  by  tlie  couTolsions  concomitant  on  the 
^ielnge. 

In  Hungary  there  are  simiUr  bone  caves,  called  the  Dragon-Grot- 
toes by  the  country  people,  from  an  idea  that  the  osseous  relics 
appertain  to  that  fabulous  animal ;  but  they  belong  to  the  great 
cavern-bear,  urstis  speitBus, 

Of  all  the  German  caves,  however,  the  richest  in 
bony  relics  are  those  of  Franconia,  of  which  Esper, 
an  ecclesiastic  of  the  territory  of  Bayreuth,  has 
given  a  very  detailed  description  in  a  specific  trea- 
tise ;  and  more  lately,  M*  Goldfuss,  professor  of 
natural  history  at  Bonn,  has  published  a  valuable 
work  on  the  same  subject,  entitled.  The  Environs 
of  Muggendorf.  The  greater  number  of  the  grot- 
toes here  lie  in  a  small  peninsula,  formed  by  the 
river  Wiesent,  which  falls  into  the  Regnitz,  a  tract 
belonging  to  the  great  basin  of  the  Mein.  Tlie 
principal  cavern,  however,  the  astonishing  Gaylen- 
reutli,  lies  on  the  outside  of  this  kind  of  peninsula, 
on  the  left  bank  of  the  Wiesent,  to  the  north-west 
of  the  village  from  wliich  it  takes  its  name.  Its 
gateway,  through  a  vertical  rock,  is  74  feet  high, 

and  looks  to  the  east. 

Q  R 
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The  first  grotto  turna  to  tlie  right,  and  is  upwards  of  80  feet  U 
It  U  divided  iuto  four  paiU  by  the  uneqiud  heighm of  ihe  \'ault«d 

te   first  three  are  from  15  to  20  feet  high ;  whereas,  ibe  fourth 
from  4>  to  5.     On  the  bottom  of  tliia  part,  aiid  on  a  lerel  wil 
itlie  floor,  there  is  an  orifice  only  two  feet  high,  which  leails  into 

>cond  grotto.     This   runs   first  southward   for  60  feet,  being 
and  Id  high  ;  it  then  tunis  to  the  west  through  a  spa^'e  of 
>t,  becoming  gradually  lower  till  its  altitude  is  only  5  feet, 
'passage  to  the  third  grotto  is  very  incommwlions,  winding  thi 
several  corridors.     It  is  thirty  feet  wide,  and  only  five  or  six  hij 
Tlie  loam  of  the  floor  is  stuffed  full  of  teetli  and  jaw-bones.      Ni 
the  entmnce  to  it,  is  a  gulf  of  15   or  20  feet,  into  which  risitoi 
descend  by  a  ladder.     After  going  down,  they  arrive  at  a  vault  U 
feet  diameter  by  30  feet  in  height ;  and  on  iJie  side  on  which  tl 
descend,  is  a  grotto  all  bestrewed  with  bones.       By  going  down 
little  further  still,  they  fall  in  with  a  new  arcade  which  conducts 
a  grptto  40  feet  long,  and  a  new  gulf  IS  or  20  feet  deep.       Ei 
after  this  descent,  another  cavern  presents  itself  40  feet  hig^,  qnll 
covere<I  with   bones.     A  pa^^sage  now  of  5  feet  by  7  leads   to 
grotto  25  feet  long  and   1 2  wide ;  then  alleys,  20  feet  long, 
duct  into  anutlier  cave  20  feet  high ;  and  finally,  a  grand   grot 
expands,  83  feel  in  width,  and  24   in  height,  more  copionaly  fs 
nished  with  hones  than  any  of  the  rest.     The  sixth  and  last 
nuts  la  a  northerly  direction,  so  that  the  whole  series  of  cv 
and  corridors,  describes  nearly  a  semicircle. 

A  rift  in  the  third  grotto,  disclosed  in   1794,  a  new  grotto,  iJ 
feet   long   by  4  wide,  where  the  greatest  number  of  byieuaa' 
lions'  honefl  were   found.     The  opening  was  much  too  narrow 
have  allowed  these  animals  to  have  entered  by  it.      A  peculiar  t<in*j 
nel  whicli   teiniinated  in  this  small  grotto,  afforded  au  incredibld' 
number  of  bones,  and  targe  skulU  quite  enure. 

Protessor  Bucklancl  gave,  in  the  Phil.  Trans,  ic 
1822,  a  section  of  this  cavern,  sketched  by  himsel 
in  181G.      See  our  Plate  VIL  and  its  explanation 
at  the  end  of  the  Volume.     Here  we  may  observe 
particularly  an  enormous  mass,  wholly  composed 
of  bones  enveloped  in  stalactites,  forming  thus  a 
peculiar  osseous  breccia.    The  Professor  represenU 
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"on  his  plate  of  this  cave,  in  his  Reliquiae  Diluvianse, 
on  the  floor  of  the  first  grotto,  a  bed  of  diluvial 
loam,  mixed  with  pebbles,  angular  fragments  of 
Umcstoue,  bones  and  teeth  ;  the  latter  being  of 
course  more  abundant  in  the  remoter  grottoes, 
which  have  been  less  excavated  for  the  German 
apothecaries.  A  crust  of  stalactite  is  still  perfect 
over  some  portions  of  the  floors* 

The  cavern  of  Gaylenreutli  is  the  one  whose 
bony  relics  are  most  completely  known,  in  conse- 
quence of  the  researches  which  have  been  so  long 
carried  on  with  regard  to  them  by  men  of  eminent 
science,  such  as  Esper,  Humboldt,  Ebel  of  Bremen, 
Rosenmullcr,  Suemmering,  Goldfuss,  &c.  as  well  as 
by  the  numerous  and  rich  collections  which  these 
researches  have  furnished.  From  the  examination 
which  M,  Cuvier  has  made  of  the  chief  of  these 
collections,  the  bones  composing  them,  belong,  in 
the  proportion  of  tluee-lburths,  to  bears,  of  two  or 
three  species  ol'  the  genus  ;  next  to  which  are  those 
of  hyaena,  wolf,  fox,  glutton,  polecat,  or  some  kin- 
dred anhnaL  He  also  observed,  but  in  smaller 
number,  some  bones  of  herbivora,  and  particularly 
stags,  fragments  of  which  are  now  in  the  possession 
of  M.  Ebel.  It  would  even  appear  from  a  passage 
in  M.  y(tmmering*s  work,  that  a  parcel  of  bones  of 
an  elephant's  skull  had  been  extracted. 

According  to  M.  Rosenmiiller,  there  are  like- 
wise bones  of  men,  horses,  oxen,  sheep,  stags,  roe- 
bucks, mules,  badgers,  dogs,  and  foxes;  but  the 
whole  of  these  are  shown  by  accurate  inspection  of 
their  localities  in  the  cavern,  and  their  state  of  pre- 
servation,  to  have  been  deposited  at  a  much  more 
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recent   era    than  that   of  the    bears,  tigers,    and 
hyu?nas.* 

The  small  peninsula  opposite  to  tlie  above,  offers 
several  other  cavernsi  as  tiie  Schoenstein,  or  the 
beautifu/ rockt  which  contains 7  contiguous  grottoes; 
the  Brunnenstein  or  Rock  (i/'the  Fountain^  containsl 
bones  incrusted  with  stalagtite ;  and  the  Holebei^, 
or  kollow  mountahi^  in  which  8  or  10  grottoes  form 
a  suite  of  SOO  feet,  with  two  oudets.     Bones  of 
bears  like  those  of  Gaylenreuth  are  here  found  in 
different  lateral  recesses,  along  with  some  bones  of 
stags  and  swine.     The  Wizer-loch,  so  named  from 
an  ancient  Slavonic  god  that  was  there  worshipped, 
the  most  gloomy  cavern  of  the  whole  country,  is 
more  than  '200  feet  long,  lies  in  its  higher  grounds, 
and  has  afforded  a  few  vertebrse.     The  Wunder 
hohle,  having  a  circuit  of  IGO  feet,  was  nuulc  known 
oidy  in    l??^-     LasUy,  the  cavern  of  Klanstein, 
composetl  of  4  grottoes,  and  '200  feet  in  depth,  htt^ 
furnished  a  few  bones  in  its  third  chamber,  and  stili 
more  at  its  furthest  end.   We  may  add  to  the  above, 
the  Geiss-knok,  or  tlie  Goat-cave,  discovered  in 
]79^»  in  wliich  M.  Rosenmiiller  found  two  human 
skeletons  already  covered  with  stalactite,  a  process 
which  may  be  accomplished  in  less  than  a  century. 

The  country  sxirronnding  this  small  peniiwula  n  pierced  wttb 
several  caveniB,  beaidea  Uiat  of  Gaylenreutb,  as  the  grottopfl  of 
MokuH,  UaliciihU'iii,  Olid  Kirt-li-ulium,  three  villages,  Uie  first  being 
to  tlie  Boutli,  tlie  iw(i  others  to  the  north-east  of  GaylenreQih. 
Formerly  hones  were  found  in  the  first.  The  last  carem  is  known 
in  the  country  by  the  expressire  name  of  Zahn-loch,  or  tooth  carem, 
and  the  peasants  wen^  wont  to  regard  these  bones  as  medicinal. 
RosemnuUer   and  GoldfuMi  found   liere  aomo  teeth  of  bean  anil 

*  Description  de  TOura  dea  Cavemes,  p.  S. 
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tigers.  Tliere  are  two  other  grottoes  In  the  lands  of  the  Rame 
village,  one  of  which  ScUncider-locb  (taylors'  hole),  atTorded  au 
elephant's  vertebra.  Tlia  cavt?  of  Zewig,  hard  by  WaachenfeM, 
on  the  borders  alaa  of  the  Wlaent,  is  uearly  HO  feet  deep ;  and  is 
Raid  to  have  contamed  skeletons  of  men  and  wolves. 

All  these  hills,  scooped  out  into  t*avems,  aiid  so  close  to  each 
other,  seem  to  form  a  small  chain,  interrupted  only  by  streamlets, 
and  which  graduates  into  the  loftier  chain  of  the  Ficbtelberg,  wUbtc 
the  highest  inoimtaius  of  Franconia  rear  tlieir  heads,  and  whence 
flow  down,  the  great  rivers,  Mein,  Sale,  Eger,  Naab,  with  several 
smaller  streams. 

It  deserves  to  bo  remarked,  that  according  to  both  Rosenmuller 
and  Buckland,  the  hills  to  the  north  of  the  Wiesent,  contain  not  a 
aingle  fragment  of  boue^  while  those  to  the  south  of  it,  are  wuU 
Blocked  with  them. 

There  was  discovered  in  1799.  a  cavern  remark- 
ably situated,  which  connects  in  some  measure  those 
of  the  Hartz  with  those  of  Franconia.  It  is  the  cave 
of  Glucksbrunn,  in  the  bailiwick  of  Altenstein,  in 
the  territory  of  Mcinungen,  called  tlie  cave  of 
Liebenstcin  by  Rosenmuller,  as  it  lies  on  the  road 
to  this  bathing  place.  The  limestone  out  of  which 
it  is  hollowed,  rests  on  bituminous  schist,  whence 
as  it  ascends,  it  reposes  its  upper  beds  on  primitive 
rocks.  This  limestone  is  of  variable  hardness  and 
fracture,  and  contains jnarine  petrifactions,  such  as 
pectinites,  echinites,  &c. 

In  cutting  through  a  road,  an  opening  was  dis- 
covered, from  which  a  very  cold  wind  issued ;  in 
consequence  of  which,  the  duke  oi  Sase-Meinnngen 
caused  further  excavations  to  be  made.  A  passage 
of  20  feet,  conducted  into  a  grotto  35  feet  long, 
from  3  to  \2  wide,  and  G  to  1*2  high,  closed  at  the 
end  with  a  great  mass  of  rock,  which  was  mined 
away.     After  working  for  two  yeais,  they  opened 
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up  and  cleared  out  a  series  of  grottoes  linked 
together,  with  floors  alternately  rising  and  falling. 
The  whole  terminated  in  a  spot  through  which  a" 
run  of  water  flowed  ;  but  different  lateral  cleds^ 
would  lead  us  to  suppose  the  existence  of  several 
other  caves  which  have  not  been  explored,  forming. 
altogether  a  species  of  labyrinth. 

The  bottom  and  sides  of  this  cavern  were  coated 
with  the  same  kind  of  loam,  that  lines  all  the  others, 
but  blacker.  The  bones  were  in  considerable 
number,  and  were  dyed  of  the  same  colour,  but  only 
two  tolerably  entire  skulls  have  been  extractccL-jfl 
One  of  them  belongs  to  M.  Cuvier's  first  species  of 
fossil  bears. 

Caverns  bke  these  also  exist  in  Westphalia. 

In  the  county  of  La  Mark-,  at  Saridicich,  two  Inaguoi  from 
leorlohn,  tliore  is  a  grotto  wliicli  famulietl^  25  years  ago,  a  reiy 
large  quantity  of  bones.  A  part  of  these  u'as  sent  to  Berliu ;  and 
anotlier  haH  reniained  in  the  country,  among  tlie  handu  of  indin- 
duals  ;  but  Itithorto  no  special  drsrription  ba^  bppn  pven  of  tlivm. 

If  we  glance  our  eye  over  a  general  map  of  the  country,  u  will 
not  be  difticult  to  perceive  a  certain  continuity  in  Uie  mottnlun«« 
where  thoAe  curious  cavemR  lie.  Hie  Crapai-k  mountaiua  are  amo- 
ciated  with  the  mountains  of  Moravia,  and  those  of  Bohemia, 
termed  BaJimerwald,  and  both  togetlier  form  barriers  between  the 
basin  of  the  Dfvnatie,  and  the  baAins  of  the  Vistula,  the  Oder,  md 
the  Elbe.  The  Kiohtelberg  again  separates  the  ImRin  of  thi;  Elfcc^ 
from  that  of  the  Khine.  The  Thuringerwald  and  the  Hans  coo- 
tinne  to  bound  the  liasin  of  the  Kthe,  and  disjoin  it  from  Umt  of 
the  Weaer.  Between  thet»e  dift'urent  chainst  there  are  no  cooiid- 
erable  intervals.  The  cavema  of  Westphalia  are  the  only  one*, 
which  do  not  ao  obrionaly  run  into  the  rest. 

Very  recently,  fossil  hones  have  been  discovered 

in  a  cavern  which  lies  more  to  the  south,  and  ratlter 

on  the  back  of  the  Alps,  looking  towards  Italy.    It 

cave  of  Adelsberg  in  Carniola^  on  tlie  great 
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road  from  Laybach  to  Trieste,  almost  equidistant 
between  these  two  towns.  The  whole  of  that  dis- 
trict is  excavated  with  grottoes  and  caverns,  which 
have  prodnced  even  on  the  surface  of  the  ground  a 
great  many  hollo  wings,  wliich  give  a  singular  appear- 
ance to  the  country.  Several  of  tiiese  caverns  have 
been  long  celebrated  among  naturalists. 

That  of  Adelsberg  is  usually  visited  by  travellers, 
because  it  is  contiguous  to  tlie  highway,  and 
because  it  absorbs  a  river  called  the  p'tuka  or  poike, 
which  forms  within  it  a  siibtenanoun  lake,  whence 
the  stream  again  bursts  forth  on  the  north  side, 
under  tlie  name  of  Unz.  An  aperture  discovered 
by  Chevalier  Lowengreif  in  1816,  in  one  of  its  sides, 
at  14  fatlioms  high,  admitted  liim  into  a  range  of 
grottoes  of  immense  extent  and  incomparable 
beauty,  from  the  lustre  and  varied  forms  of  their 
stalactites.  A  few  of  the  grottoes,  however,  have 
been  long  well  known.  M.  A'olpi  of  Trieste,  atKrms 
that  he  has  advanced  more  than  tlirec  leagues  into 
these  cavxrns,  almost  in  a  straight  line,  and  was 
stopped  only  by  a  lake,  which  rendered  his  passing 
further  impracticable.  About  €  leagues  from  the 
entrance  he  discovered  bones  of  animals,  since 
found  to  be  those  of  the  great  fossil  bears. 

The  cave  of  Kirkdale  in  Yorkshire,  hatl  tlie 
good  fortune  to  be  visited  by  men  of  science,  and 
particularly  by  Professor  Biickland  soon  after  it 
was  laid  open,  in  consequence  of  which  its  organic 
remains  have  been  carefully  collected  and  accu- 
rately described.  The  little  river  Hodgc-beck, 
loses  itself  under  ground  in  tlie  neighbourhood, 
much  as  the  Piuka  docs  near  Adelsberg. 


568 


DOOK  III^-CHAP.  VI^AMHAL  RUINS. 


It  is  ftcooped  out  in  the  interior  of  one  of  the  cal 
careous  hills  which  flank  the  vale  of  Pickerin^r  oi 
the  north,  the  waters  of  which  iiill  into  the  Der- 
went.     The  substratum  of  the  valley  is  blue  clav, 
like  that  which  at  Oxlbrd  and  Weymouth  re 
on  a  similar  limestone,   containing  subordinately 
bedsof  imflammable  bituminous  shale,  such  as  tha 
of  Kimmeridge  in  Dorsetsliire.     The  rock  perfo* 
rated  by  the  cave  is  refcrrible  to  that  portion  of  the 
oolite  formation  which  in  the  south  of  Enc^land* 
known  by  the  name  of  the  Oxford  oohte  and  coral 
rag  ;  its  organic  remains  are  identical  with  tliose  of 
the  Heddington  quarries  near  Oxford,  but  its  sub« 
stance  is  harder,  more  compact,  and  more  inter- 
spersed with  silicious  matter,  which  forms  iii  the 
limestone,  sometimes  throughout  its  coral  lineexu 
viae,  irregular   concretions,  beds  and  nodules 
chert     The  more  compact  beds  of  tliis  limes 
resemble  the  younger  Alpine  limestone  of  Meill 
and  Aigle  in  Switzerland ;  alternating  with 
passing  gradually  into  those  of  a  coarser  oolitic  tex- 
ture.    Both  varieties  are  disposed  in  betls  from  one 
to  four  feet  thick.     The  cave  lies  in  one  of  the 
compact  beds,  placed  between  two  others  of  tlie 
coarser  oolitic  variety ;  the  latter  of  which  varies 
in  colour  from  light  yellow  to  blue,  while  tlie  com- 
pact beds  are  dark  gray  passing  into  black,  an. 
extremely  fetid,  and  iull  of  corals,  and  spines  of* 
the  echinus  cidaris.     The  compact  portions  of  this 
rwlitc,  partake  of  the  property  common  to  compact 
Hmestone  of  all  epochs  and  formations  from  tbet 
transition  to  the  newer  Jura  ;  of  being  perforated 
by  irregular  holes  and  caverns  in  all  directions. 
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It  was  in  the  summer  of  18^21  tliat  quarriera 

working  here  discovered  by  accident  an  opening 
which  had  been  closed  with  rubbish,  and  covered 
over  witli  bushes  and  grass.  It  hes  about  100  feet 
(a  late  observer  who  measured  it,  says  it  is  only 
30),  above  the  neighbouring  streamlet ;  and  it  may 
be  entered  to  150  or  200  feet,  but  a  person  can 
stand  upright  only  in  a  few  places,  on  account  of 
the  stalactites  which  project  from  its  roof.  On  the 
floor  of  the  cavern,  a  carpet  of  diluvial  loam  is 
spread,  about  a  foot  thick,  stuffed  full  ol'  bones,  as 
at  Gaylenreuth.  This  loam  and  tlie  bones  inter- 
spersed through  it,  are  invested  in  different  places, 
or  penetrated  with  stalactite,  especially  near  the 
spot  where  lateral  fissures  intersect  the  rocks. 

By  iUr  the  greater  number  of  the  bones  belong 
to  hy^enaij  of  tlie  same  species  as  tliat  of  the  Ger- 
man caverns  ;  but  tliere  are  also  remains  of  several 
other  animals,  large  and  small,  estimated  by  Doctor 
Buckland  to  represent  ^1  species. 

According  to  tlie  fragments  which  M.  Cuvier 
has  obtained  by  tlie  kindness  of  the  Doctor,  and 
Messrs,  Salmond  and  Gibson,  the  bones  without 
any  doubt,  belong  to  the  elephant^  rhinoceroSy  hip* 
popotamuSy  horse,  ax  (of  the  common  ox  propor- 
tions), deer^  liareSy  water-rats  and  common  rats* 
There  are  also  bones  of  some  other  camivora,  par- 
ticularly of  the  tiger,  wolf,  fox,  and  weasel-  All 
these  bones  and  teeth  are  aggregated  in  the  loam^ 
broken,  and  gnawed,  cUsplaying  still  the  prints  or 
traces  of  the  teeth  which  broke  them.  Even 
the  excrement  pallets  or  balls  have  been  recog- 
nised ;    and    shown   to     resemble    those   of  the 
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liycena,  by  an  accurate  comparative  analysis  of  Dn 
Wollaston. 

The  bones  of  a  species  of  rat  (hypodfeiisj^  nearly 
of  the  size  of  the  water-rat  (mtis  aviphibiiis  Lin,}^^ 
exist  in  such  profusion  in  the  Kirkdale  cave,  tliat  a^^ 
piece  of  loam  can  hardly  be  lilled  irom  the  bot- 
tom, which  is  not  replete  with  them.     There  are 
also  plenty  of  bones  of  the  field  mouse. 

The  hills  containing  these  caves  are  all  of  anal< 
gous  composition  ;  being  calcareous,  very  produc- 
tive of  stalactites,  which  under  a  thousand  varied 
forms  line  the  walls  and  narrow  the  passages.     The 
bones  are  here  in  nearly  the  same  condition,  as  ii 
all  the  other  bone  caves  ;  detached,  dispersed,  par- 
tially broken,  but  never  rolled,  and  consequentiyj 
not  drifted  from  a  distance  by  the  waters-     They  are 
a  little  lighter,  and  less  solid  than  recent  bones,  yet; 
as  to  tlieir  true  animal  nature,  very  little  decom- 
posed, still  combined  with  gelatine,  and  not  at  all 
petrified.     An  indurated  loam,  which  may  be  easily 
broken  or  pulverised,  including  also  some  animal 
matter,    occasionally    black-coloured,    forms    theifi 
natural  envelope.     This  paste  is  sometimes  impreg« 
nated  and  covered  with  a  stulactitic  crust  white  u 
alabaster;  a  glaze  of  the  same  nature  invests  the 
bones  in  dififerent  places,  penetrates  their  natural 
cavities,  and  causes  them  sometimes  to  adhere  to 
the  sides  of  the  cavern.     The  stalactite  now  and 
then  acquires  a  reddish  tint,  from  the  intermixture 
of  animal  matter.     At  other  times,  its  surface  is 
black  ;  but  these  changes  are  obviously  the  results 
of  modern  circumstances,  totally  independent  of  tlie 
cause,  which  brought  the  bones  into  these  excai 
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tions.  The  Btalactite  may  be  now  seen  progres- 
sively advancing,  to  embrace  in  different  poinbif 
groups  of  bones  previously  untouched. 

This  mass  of  earth,  impregnated  with  animal  mat- 
ter wherever  it  occurs,  whether  in  Germany  or 
England,  envelopes  imliscriminately  the  bones  of 
every  kind  ;  and  with  the  exception  of  a  few  found 
at  the  surtace  of  the  floor,  whicli  have  been  carried 
thither  at  much  later  periods,  and  are  still  distin- 
guishable by  their  inferior  state  of  decomposition, 
the  whole  must  have  been  interred  together  in  the 
same  manner,  and  by  the  same  causes.  In  this 
earthy  paste  we  find  diffused  among  the  bones,  at 
least  in  the  grotto  of  Gaylenreuth,  fragments  of  a 
bluish  marble,  with  all  their  angles  rounded  or 
smootlied,  as  if  they  had  been  rolled.  They  bear 
a  striking  resemblance  to  those  which  enter  into  the 
composition  of  the  osseous  breccias  of  Gibraltar 
and  Dalmatia. 

Finally,  the  most  interesting  part  of  the  pheno- 
mena is  that  the  more  remarkable  species  of  the 
bones,  are  identical  over  a  space  of  about  550  miles 
(more  than  200  leagues).  Three-fourths  and  up- 
wards belong  to  bears,  which  are  no  longer  to  be 
found  in  the  living  state.  One-half,  or  perhaps 
two-thirds,  of  the  remaining  fourth,  have  been 
traced  to  a  species  of  hyaena,  which  is  equally 
unknown  at  the  present  day.  A  smaller  number 
may  be  referred  to  a  species  of  the  genus  tiger  or 
lion,  and  to  anoLljer  species  of  the  wolf  or  dog  family. 
Lastly,  the  smallest  specimens  proceed  from  various 
little  camivora^  as  the  fox,  the  polecat,  or  at  least 
kindred   species.      The   Kirkland,   Torquay,   and 
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Luncl  caves,  however,  form  notable  exceptions  b] 
aiFording  very  few  bonea  of  bears,  and  exhibiting 
great  predominance  of  hyaenas  among  the  carnivon 

The  species  so  common  in  the  diluvial  dttrii 
namely,  the  ekphmUs^  the  rhhioceroses,  the  horsa 
tlie  oxen  or  bisonSy  and  tlie  tapirs,  are  very  rare  ij 
the  bone-caves  of  Germany ;  and  there  are  soi 
of  these  animals  even  wliich  no  person  has  y( 
detected  there.  A  few  bones  of  deer  constitute 
whole  of  the  herbivorous  relics  yet  described, 
tlxis  respect,  again,  the  Kirkdale  cave  differs  widel] 
from  the  others,  since  it  abounds  as  much  in  tl 
bones  of  the  great  and  little  herbivorous  animals 
in  ttiose  of  the  carnivorous.  All  the  greater  packi 
dermata  of  thediluvian  gravel,  the  elephant,  rhitt< 
ceros,  and  hippopotamus,  are  found  at  Kirkdale; 
as  well  bones  of  oxen,  deer,  down  to  rats  and  bin 
No  marine  animals  of  any  species  have  left  th< 
bones  eitlier  in  tlie  Kirkdale  or  Gcnuan  caves. 

These  bones  of  carnivora,  so  numerous  in  th« 
caverns,  are  rare  in  tlie  diluvium.    The  hyaena  aloi 
occurs  in  it,  in  a  certain   quantity  at   CanstadI 
near  Aichstedt,  and  in  some  other  places;  a  feir' 
relics  of  bears  also  appear  in  Tuscany  and  Austria, 
but  their  relative  proportion  is  greatly  less  than  in 
the  caverns ;  and  besides,  there  is  abundant 
cumstantial  proof  that  these  different  animals  hfti 
lived  together  in  the  same  country,  and  bel 
to  the  same  epoch.     Tliis  important  fact,  says 
Cuvier,  appears  to  me  perfectly  established  by 
Buckland. 

There  are  only  three  general  causes  which  cjin 
l>ossibly  imagined  to  have  intioduced  tlie  bunes 
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such  quantities  into  these  vast  subttTranean  vaults; 
lst»  they  are  either  the  remains  of  animals  which 
dwelt  and  died  peaceably  in  these  chambers ;  or, 
Sd,  of  animals  wliich  uiuudations  and  other  violent 
causes  carrietl  in;  or,  3d,  of  tlie  animals  wliich  had 
been  enveloped  in  the  stony  strata,  whose  watery 
solution  produced  the  caverns  themselves,  but  tlie 
soil  parts  were  dissolved  away  by  the  agent  that 
scooped  out  the  mineral  substance  of  tlie  caves. 

Tliis  last  hypothesis  is  reiuted  by  the  circum- 
stance, that  the  strata  themselves  in  which  the 
grottoes  are  excavated  contain  no  bones  ;  and  the 
second,  by  the  entire  state  of  preser\'ation  of  the 
smallest  prominences  of  the  bones,  which  precludes 
the  idea  of  their  having  been  rolled.  Even  if  some 
bones  are  worn  smooth,  as  Doctor  Buckland  has 
remarked,  they  are  so  only  on  one  side  ;  which  at 
the  utmost  merely  proves  that  something  has 
abraded  and  pohshed  their  surface  in  the  bed  where 
they  lay.  We  are  therefore  compelled  to  resume 
the  first  supposition,  and  to  regard  these  caverns  as 
the  dens  of  antediluvian  carnivora,  which  dragged 
in  thither  and  devoured  tlie  animals,  or  parts  of 
animals,  that  fell  in  their  way. 

Dr.  Buckland  has  sliown  that  the  hvienas*  bones 
of  the  Kirkland  cave  arc  no  less  broken  and  gnawed 
than  those  of  the  herbivorous  class;  whence  it 
appears  that  these  creatures,  by  force  of  ravenous 
appetite  for  bones,  devoured  those  of  their  own 
species  like  the  hyaenas  of  the  present  day.  The 
hyaenas,  indeed,  are  known  to  attack  eacli  other, 
during  life.  There  are,  therefore,  few  physical 
propositions   established    on    a    larger   or  soimder 


574» 


BOOK  lU.-CHAP.  VI.-ANIMAL  RUINS. 


induction  than  that  of  the  Kirkdale  and  Torqui 
caves  having  been  dens  occupied  by  hyaenas  in  anl 
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in  times.  liiose  persons 
to  adopt  this  conclusion  on  account  of  any  precon- 
ceived  notions  about  the  habits  of  living  hyfleoas, 
and  the  aspect  of  their  dens,  will  find  every  ratio: 
doubt  removed  by  perusing  an  interesting^  letter 
the  subject  from  Captain  Sykes,  on  military  ser\ 
near  Bombay,  published  in  the  2d  volume  of 
new  series  of  the  Edinburgh  Philosophical  M 
aine,  p.  378. 

This  conclusion  is  moreover  confimied  bv 
animal  nature  of  the  earthen  floor  of  the  ca 
in   which  the  bones  are  impasted.      M.  Laitgi 
has  analysed  that  of  Gaylenreuth   with  his 
known   precision ;    and   found    the    following 
gredients. 

1.  Lime  mixed  with  a  little  magneaiA  and  combined  vritb 
carbonic  acid,       ......  •  .  3S 

2.  Carbonic  acid  and  a  liule  moisture, 

3.  Phosphate  of  lime, ,  ,2 

4.  Animal  matter  and  water,      .  .  ,  .  .  .  | 

5.  Clay  coloured  with  a  trace  of  manganeie, 

6.  Silica  coloured  with  iron,       .         .         •         ,  .  .     ( 

7.  Qjcide  of  iron,  coaibiued  perhaps  with  a  little  phoapfaoric 
acid,  ........ 

Lou,      ........         .         ^ 

I 

It  is  very  certain  that  the  establishment  of  the* 
animals   in  the  caverns  is  long  posterior   to 
epocha,  at  which  the  extensive  mineral  strata  wi 
deposited,  not  only  of  the  mountains  that  con 
the  caverns,  but   of  even   tliose  of  much  moi 
modern  formation.     As  for  the  st^Uactites  of  the 
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caves,  M.  Goldfuss  obsen-ed  a  stratum  of  it  cover- 
ing the  names  of  MM.  Esper  and  Rosenmiiller, 
inscribed  at  tlieir  visit  only  thirty  years  before- 

In  March  18'2(i,  Dr.  Buckland  visited  the  bone 
cave  of  Lunel  near  Montpellier,  situated  in  com- 
pact calcaire  grassier.  In  working  a  freestone,  the 
side  of  the  cavern  was  accidentally  hiid  open,  and 
considerable  excavations  have  since  been  made  in 
it,  at  the  expense  of  the  French  government,  for 
the  purpose  of  extracting  its  animal  remains  that 
lie  buried  in  mud  and  gravel.  A  rectangular  vault 
has  thus  been  exposed,  nearly  100  yards  in  length, 
and  from  10  to  12  in  width  and  height. 

Many  of  the  bones  bear  marks  of  being  gnawt»d 
by  the  teeth  of  ossivorous  animals  ;  and  there  is  an 
extraordinary  abundance  of  bails  of  album  gr<Ecum 
in  the  liigiiest  state  of  preservation. 

M,  Marcel  de  Serres  has  published  a  ILst  of  the 
animal  remains  contained  in  this  cavern,  which 
differ  but  little  from  those  of  Kirkdale ;  the  most 
remarkable  addition  being  that  of  the  beaver  and 
the  badger,  together  with  tlie  smaller-striped,  or 
Abyssinian  hyaena. 

In  Oct.  following,  the  Dr.  visited  also  the  grotto 
of  Oisellcs  near  Bcsan9on,  in  France,  for  the  pur- 
pose of  applying  to  it,  tlic  method  of  investigation 
which  his  experience  in  other  caverns  had  taught 
him  to  adopt  with  success  in  the  pursuit  of  fossil 
bones.  This  grotto  is  of  vast  extent,  nearly  a  quar- 
ter of  a  mile  in  length,  and  made  up  of  a  succes- 
sion of  more  than  thirty  vaults  or  chambers,  con- 
nected together  by  narrow  passages,  and  running 
almost  horizontally  into  the  body  of  a  mountain  of 
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Jura  limestone,  on  tlie  left  bank  of  the  Doubft 
Besan9on. 

The  only  entrance  to  the  grotto  is  by  an 
Jar  aperture  about  tlie  size  of  a  common  door, 
-the  slope  of  the  hill  about  60  feet  from  tlie  riv 
The  abundance  and  beauty  of  the  stalactite  in 
iparts  of  this  ca\ern,  have  rendered  it  one  of 
most  celebrated  and  most  frequented  in  Fran( 
but  before  Dr.  Buckland,  no  one  had  ever  soi 
rfbr  bones  beneath  the  crust  of  stalagmite:,  which 
<most  of  the  chambers  covers  the  floor. 

On  breaking  for  the  first  time  tlirougli  the 
lagmite,  the  guides  were  much  surprised  to  find 
Doctor's  prediction  verified,  as  to  the  existence 
a  thick  bed  of  mud  and  pebbles,  bcneatb  what  thi 
had  considered  to  be  the  impenetrable  pavement 
the  cave,  and  still  more  so,  to  see  that  in  every 
of  the  only  four  places  which  he  selected  for  invt 
tigation,  this  diluvium  was  abundantly  loaded 
the  teeth  and  bones  of  fossil  bears.  These  lay 
tered  through  the  mud  and  gravel,  in  the 
irregular  manner  as  the  bones  of  bears  lie  in 
caves  of  Franconia  and  the  Hartz,  and  are,  like 
them,  the  remains  of  animals  that  lived  and  died 
in  these  caverns,  before  the  introduction  of  the 
diluvium.  They  were  found  nowhere  in  enl" 
skeletons,  but  dispersed  confusedly  tlirougli 
mud.  They  were  from  bears  of  all  ages,  and 
bore  marks  of  either  haxnng  been  rolled  by 
or  gnawed  by  the  teeth  of  hya?nas.  Of  this 
named  animal,  Dr.  Buckland  found  no  traces  in 
this  cave,  in  the  few  spots  which  he  examined.  IK- 
says   the  best  rule  to  follow  in  pursuit  of  antecli- 
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luvian  remains  in  caverns,  is  to  select  the  lowest 
parts  in  which  any  diluvium  can  liave  accumulated, 
and  there  dig  through  the  stalagmitic  crust,  and 
seek  for  teeth  and  bones  in  the  mud  and  pebbles 
that  lie  below.  Their  antiquity  may  also  be  tested 
by  tlieir  property  of  adhering  to  the  tongue  (hap- 
per)  in  consequence  of  their  loss  of  gelatine,  mth- 
out  the  substitution  of  mineral  matter;  a  property 
wJiich  the  bones  found  in  the  Koman  graves  and 
Druidical  tombs  of  England  do  not  possess- 

This  cave  has  been  since  explored  by  tlie  French 
naturalists,  and  a  report  made  of  some  of  its  con- 
tents by  Baron  Cuvier  to  the  Academy  of  Sciences. 
The  bones  in  one  of  its  chambers  belong  entirely 
to  the  cavern  bear,  ursus  spekeus^  without  inter- 
mixture  of  any  other  animal  remains  whatsoever. 
In  some  adjoining  chambers,  hyaena  bones  have  been 
found,  along  with  those  of  tigers,  and  other  carni- 
voTHf  with  a  few  bears'  bones.  In  otiier  caverns, 
which  contain  many  hyaenas'  bones,  those  of  her- 
bivorous animals  occur  more  numerously,  all  marked 
as  at  Kirkdale  with  gnawed  prints  of  the  hyaenas* 
teeth-  M.  Cuvier  concurs  with  the  Doctor  in 
thinking  that  these  excavations  were  hyaenas'  dens, 
in  which  the  last  of  these  animals  were  drowned  by 
a  diluvial  inundation,  which  has  choked  up  the 
mouths  of  the  caves  with  gravel  and  clay.  The 
grotto  of  Oiselles  lies  at  the  foot  of  the  Jura  moun- 
tains, and  consists  of  a  great  many  separate  cham- 
bers of  considerable  dimensions, — Amiales  deChim, 
etde  Pfij/s.  OcL  1827- 

A  bone  cave  called  Kent's  Hole  near  Torquay 
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in  carboniferous  limestone,  discovered  lately, 
brought  unequivocal  confirmation  to  Doctor  Bucl 
land*s  theory  of  the  Kirkdaie  phenomena.     Tl 
condition  of  the  hyrenas*  teeth,  the  number  ai 
variety   of   animals,    and   the   circumstances  thj 
accompany  their  mangled  remains,  are  precisely  ti 
same  in  both  dens  ;  the  only  ditference  being  tl 
the  Torquay  cave  is  twenty  times  more  extensii 
than  the  Yorkshire  one ;  and  the  animal  exnvis  j| 
like  proportion.    The  superficial  crust  of  stalagraiti 
and  the  bed  of  mud  which  forms  the  matrix  of  th 
broken  bones  and  teeth  beneath  it  are  also  pro] 
tionately  thicker.     There  is  also  album  grttcum  e: 
crement,  as  at   Kirkdaie,  and  stumps   of  gnaw( 
horns  of  deer ;   and  the  bony  bases  of  horns 
rhinoceroses,  but  no  horns  of  this  animal,  althouj 
more  than  a  hundred  of  its  teeth  have  been  alreai 
found ;  along  with  the  teeth  of  many  infant 
phants,  numberless  bones  of  horses,  elks,  deer,  ai 
oxen,  gnawed  bones,  and  jaws  of  hyeenas,  with  theij 
single  teeth  and  tusks  j  the  teeth  and  tusks  of 
tigers,  wolves,  and  foxes  ;  and  of  an  unknown 
nivorous  animal,  as  large  at  least  as  a  tiger, 
genus  of  which  has  not  yet  been  determined. 
Of  more  than  a  thousand  bones,  or  rather 
ments  of  bones,  that  have  been  collected  in  Keni 
Hole, not  fifty  have  been  found  entire,  the  extrcmitii 
and  condyles  of  the  cylindrical  bones  having 
gnawed  off,  before  they  were  imbedded,  along  wil 
the  accompanying  splinters  and  teeth,  in  tlie  ini 
and  gravel  conglomerate  of  the  cave.     The 
portions  of  the  bones  are  invariably  removed,  anJ 
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marks  of  {jawing  and  fracture  impressed,  such  as 
the  living  hjirnas,  at  Exeter  Change,  are  known  to 
make  on  the  ox  bones  on  which  they  feed. 

Doctor  Buckland  considers  the  cave  of  Kiihioch, 
as  more  remarkable  tlian  all  the  rest  in  the  neigh- 
bourhood of  Ilabenstcin,  and  indeed  tlie  only  one 
he  has  ever  seen  except  that  of  Kirkdale,  in  which 
the  animal  remains  have  escaped  disturbance  by 
<}ihivian  action.  The  interior  of  Kiililoch  has 
the  capacity  of  a  large  church.  Its  floor  is  covered, 
to  an  average  depth  of  6  feet  with  black  animal  dust, 
constituting  altogether  a  mass  exceeding  5000  cubic 
feet,  with  broken  fragments  of  bones  interspersed. 
That  black  cartli  seems  to  be  pulverised  bone,  in  a 
-dry  state,  rising  in  powder  under  the  feet,  and  is 
Msed  by  the  peasants  as  a  fertilising  manure.  Dr. 
Buckland  computes  on  reasonable  grounds  that  in 
the  single  vault  of  Kiihloch  the  remains  of  at  least 
2500  bears  are  accumulated,  a  number  which  may 
have  been  supplied  in  the  space  of  1000  years,  by 
a  mortality  at  tlie  rate  of  two  and  a  half /?er  amium. 
For  some  other  judicious  speculations  on  the  singu- 
larities exhibited  by  this  cave,  the  Reliquue  DUu' 
vian(P  may  be  consulted,  p.  138. 

In  the  same  instructive  work,  several  additional 
localities  are  mentioned  of  bone-caverns  in  England. 
The  cave  of  Hutton,  a  village  in  the  county  of 
Somerset,  at  the  foot  of  the  Mendip  hills,  contained 
bones  of  elephants,  Jiorses,  wild  boars,  two  si)ecies 
of  stags,  oxen,  a  skeleton  ahuost  entire  of  a  fox, 
and  the  metacarpal  boue  of  a  great  bear. 

The  cave  of  Derdhara  Down,  near  Clifton,  hard 
by  Bristol,  afforded  bones  of  the  horse. 
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'    In  the  cave  of  Balleye,  near  Wirkswortli,  in  the 
county  of  Derby,  elephants'  teeth  were  discoverei 
so  long  ago  as  1663,  some  of  which  are  still  pri 
served. 

The  Dream  cave,  at  the  hamlet  of  Callow,  ah 
near  Wirksworth,  is  very  remarkable.  Here,  in  th< 
midst  of  a  mass  of  diluvium,  almost  all  the  bom 
of  a  rhinoceros  were  found  in  .very  good  conditio! 
which  have  been  carefully  collected  by  the  propria 
tor,  Mr.  Gell. 

The  cave  of  Nicholaston,  on  the  coast  of  Glamor- 
ganshire, between  the  bay  of  Ox^cich  and  the  cap< 
of  Worms,  which  marks  the  entrv  of  the  Brist< 
Channel,  deserves  notice.  There  have  been  fount 
in  it,  an  elephant's  tusk  and  molaris,  as  also  sevei 
other  bones  of  elephant,  rhinoceros,  horse,  b< 
hyaena,  fox,  wolf,  ox,  stag,  rat,  bird,  and  even  tlu 
skeleton  of  a  woman  and  her  bone-pins.  Bi 
several  of  these  objects  are  evidently  seen  to 
modem, 

M.  Goldfuss,  in  the  New  Memoirs  of  the  Ac: 
demy  of  the  Curious  of  Nature  for  1823,  has  e: 
tended  his  researclies  on  the  fossil  bones  of  Wei 
phalia  and  Franconia.   He  estimates  that  the  propor- 
tion of  species  in  them  is  nearly  such  :  that  for  800 
the  cavern  bear  (ursus  spelaus),  there  are  found  6( 
of  the  northern  hear  (arcioides),  ten  of  the  ursuspns^i 
ais,  30  gluttons,  ^26  tigers  or  lions,  50  wolves,  am 
^25  hya?nas  ;  which  is  just  the  inverse  proportion 
the  contents  of  the  Kirkdale  cave  in  Yorkshire. 

In  the  cavern  of  Sandwicli,  and  in  a  smalh 
adjoining  cavern,  called  Henri,  there  have  beei 
found  at  different  times,  besides  fragments  of 
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of  bears,  a  skull  and  portion  of  the  jaw  bone  of  a 
hya?aa,  bones  of  gigantic  stags,  of  a  stag  like  the 
common  one,  of  a  third  species  the  size  of  a  deer, 
a  skull  of  a  glutton,  a  fragment  of  the  under  juw- 
bone  of  the  hog,  teeth  and  occiput  of  the  rhino- 
ceros,  but  no  bones  of  tigers,  lions,  or  wolves-        j 
Tlie  bone  caverns  discovered  in  cutting  down 
the  transition  limestone  rocks  of  Oreston  for  the 
purpose  of  making  the  break-water  off  Plymouth, 
were  the  subjects  of  three  interesting  communica- 
tions from    Mr.  Whidbey,  to  the  Royal   Society  ; 
one  in   181 G,  one  in  18^J0,  and  one  in  18^22.     At 
the  date  of  the  last,  the  whole  mass  of  rocks  was 
nearly  quarried  away.     He  then  states,  that  **  the 
joints  of  the  rock  were  not  so  close,  but  that  water 
might  drop  down  into  the  cave ;  and  about  these 
joints  some  stalactites  were  found  in  small  pieces. 
/  hate  not  see?i  any  thing  to  oicotirage  the  idea^  that 
the  cavern  had  a  conmiunicalion  rcith  the  surface  since 
the  Jlood ;  the  present  state  of  the  quarries  5//ozc^ 
nothing  like  it,"     We  have  in  the  same  paper  some 
valuable  observations  on  tlie  nature  and  appearance 
of  the  bones,  by  Mr.  William  Clift.   In  the  Oreston 
cavern,  discovered  in   181  f>,  altliough  the  greatest 
care  was  taken  to  collect  all  the  bones  contained  in 
it,  those  of  the  rhinoceros  alone  were  found.   In  the 
caves  opened  in  1820,  one  contained  bones  and 
teeth  of  the  bear;  while  another  contiguous  cavity, 
of   apparently    coeval   formation,    contained    only 
bones  of  a  deer  or  antelope.     In  the  caverns  disco- 
vered in  1822,  the  bones  of  animals  of  several  dis- 
tinct genera  were  found,  namely,  the  bos,  the  deer, 
the  horse,  the  hysena,  the  wolf,  and  the  fox.  These 
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cavities,  however,  communicated  with  each  otft^ 
and  the  bones  of  the  different  graminivorous  aiiim; 
were  found  mingled  together  in  the  same  cavity 
but  those  of  the  carnivora  at  a  considerable  distanci 
from  each  other ;  the  bones  of  the  hyscna  havinj 
been  discovered  in  a  cavern,  and  those  of  the  wol 
and  fox  in  a  gallery.     The  only  specimen  in  tliu 
large  assemblage  which  bears  any  apparent  marks 
teeth,  is  a  portion  of  the  radius  of  a  young  wolf, 
which,  in  two  or  three  places  on  its  surface,  has  tb^ 
impression  of  the  incisors  and  canine  teeth  of  soi 
small  animal  of  the  size  of  a  weasel.     Some  addi 
tional  specimens  of  the  jaws  and  teetli  of  the  hya;i 
the  wolf,  and  the  fox,   were  discovered  in  one 
the  caverns  ;    from  which  cavity  indeed,   all  th< 
bones  of  the  wolf  have  been  derived. 

A  discovery  of  fossil  teeth,  and  other  bones  oi 
hyaenas,  with  those  of  the  horse  and  ox,  was  made] 
in  June  18^27,  in  the  extensive   stone  quarries  oi 
Bougliton,   about  3  miles   south  of  Maidstoue  iaj 
Kent     They  were  all  found  nearly  together  iu  one 
of  the  numerous  cracks  or  fissures  (locally  called] 
rents)  that  intersect,   in   this   place,  the   beds 
Kentish  rag,  which  consist  of  limestone  and  a 
flint,   dispersed   in   planes   of    irregular   thickm 
through  a  matrix  of  sand  and  sandstone.   Itsgeoli 
gical  position  is  in  the  lowest  region  of  the  green  sand 
formation,  immediately  above  the  Weald  clay.    The 
fissures  cut  througli  the  strata  from  the  bottom  of  j 
the  quarries  to  the  surface,  and  are  filled  witli  dilu- 
vial loam.     The  bones  appear  to  have  been  drifted 
to  their  present  place  at  the  same  time  witli  ihc 
diluvial  detritus  of  loam  and  stony  fragmentft,  among 
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which  they  lay,  occupying  a  position  precisely  simi- 
lar to  the  bones  of  hyaenas  and  other  animals  that 
were  discovered  in  the  fissures  of  the  breakwater 
limestone  rock,  near  Plymouth,  imbedded  in  similar 
diluvial  loam  and  pebbles. 

The  open  fissure  in  Duncombe  Park,  lately 
examined  by  the  Doctor,  deserves  remark,  on 
account  of  the  illustration  which  it  aftbrda  of  the 
manner  in  which  the  bones  of  antediluvian  animals 
may  have  been  accumulated  by  ialling  into  similar 
fissures, — now  filled  up  with  diluvial  mud  and 
pebbles.  This  fissure  seems  of  postdiluvian  origin  ; 
being  a  great  irregular  crack  or  chasm,  in  the  solid 
limestone  rock,  which  forms  a  steep  and  lofty  cUff 
on  the  right  side  of  the  valley  of  the  Rye.  It  is 
almost  concealed  by  overgrown  bushes,  and  being 
nearly  at  right  angles  to  the  edge  of  the  cliff,  pre- 
sents a  pitfall  across  the  path  of  animals  passing  that 
way.  Into  this  chasm,  the  Doctor  descended,  and 
found  the  skeletons  of  dogs,  sheep,  deer,  goals,  and 
hogs,  lodged  at  various  depths  on  the  lateral  ledges. 
Now,  such  fissures  undoubtedly  existed  on  the  ante- 
diluvian earth,  and  probably  in  much  greater  abun- 
dance tlian  since  the  grand  aqueous  revolution, 
which  must  have  filled  up  many  of  them  with  its 
detritus.  There  is  therefore  no  reason  why  the  then 
existing  animals,  should  not  have  fallen  into  them, 
and  have  perished ;  particularly  when  we  consider 
that  it  is  the  habit  of  graminivorous  animals,  such 
as  tliose  which  have  lei't  tlicir  bones  in  the  breccia 
fissures  of  the  Mediterranean  shores,  to  be  constantly 
traversing  the  surface  of  the  ground  in  every  direc- 
tion in  pursuit  of  food,  they  must  be  peculiarly  liable 
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to  the  accident  of  falling  into  any  imperfectly  closedl 
chasQi  that  lies  in  tlieir  way.  Thus  we  have  an  ex. 
planation  of  the  comparatively  rare  occurrence  ol 
the  remains  of  beasts  of  prey  in  those  osseous  brec 
cias  of  the  antediluvian  fissures,  althougli  they  also 
perished  in  them  occasionally,  as  dogs  still  do  in  tlie 
open  fissure  of  Duncombe  Park. 

On   the  Bone   Breccias  of  the   Mediterraneam\ 
coast, — At    Gibraltar,  Cette,  Antibes,  Nice,  Ulw) 
veto  near  Pisa,  Cape  Palinurus»  Corsica,  Sardinia, 
Sicily,    Dalmaiia,  Cerigo,   and    in   the   Veronese^, 
curious  bony  Breccias,  are  observed  filling  up  the! 
fissures  of  calcareous  rocks.    In  all  these  different' 
and  distant  localities,  the  conglomerated  fragments] 
of  bones  aic  nearly  the  same.      They  are   relic* 
chieflv  of  ruminant  animals,  mixed  with  a  few  lions' 
teeth  and  exuvia?  of  other  animals.     The  pieces  of j 
bone  are  impasted  in  a  red  earthy  concretion  resem*! 
bling  highly  bunied  bricks,  but  spongy  in  texture 
from  innumerable  porous  cavities  of  various  size, 
which  are  bestrewed  occasionally  with  a  spany  in-l 
cm  station.     As  the  bones  are  not  pressed  together, 
the  concretion  which  contains  tlicm  must  have  been 
progressively  deposited  round  them,  as  they  fell 
into  the  rifts  of  the  rocks.    The  bones  have  been  in 
general  broken  to  pieces  before  receiving  their  crust 
of  spar ;    and   are  entirely   dislocated   from    tiicir 
organic  arrangement  in  the  animals;  but  they  ex- 
hibit no  signs  of  having  been  rolled. 
f    The  stony  fragments  of  the  breccia  or  conglo- 
merate, are  coarse-grained  limestone  (saccharaid\ 
of  a  dark  gray  colour,  containing  now  and  then 
veins  of  white  spar ;  and  appear  to  have  been  rolled. 
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Their  size  varies  from  that  of  the  fist  to  a  small 
grain.  The  hollow  bones  are  also  lined  with  a 
similar  statactitic  crust,  yellowish,  and  of  greater  or 
less  thickness.  The  bones  themselves  seem  as  if 
calcined  by  tlie  loss  of  their  albumen.  They  are 
very  white,  but  still  so  hard,  as  to  resemble  petri- 
factions. Teeth  have  retained  theu*  enamel  in  a  pure 
white  form.  The  casts  of  shiilis  belong  to  land 
snails;  of  sea-shells  there  is  no  trace. 

The  bones  do  not  belong  to  our  existing  species 
of  ruminants.  In  the  bone  rock  of  Gibraltar,  so 
well  described  by  Major  Imrie  in  the  Edin,  FhiL 
Trans^  vol,  /F.,  M.  Cuvier  found  a  species  of  hare, 
and  probably  a  species  of  deer  ;  neither  of  them 
now  known  in  Europe.  Tlie  rock  of  Cette  is  analo- 
gous to  that  of  Gibraltar ;  being  calcareous,  and 
full  of  fissures  filled  up  with  bony  breccias. 

Five  kinds  of  animals  have  been  detected  here  by 
M,  Cuvier ;  hares  of  the  size  and  form  of  living 
ones  ;  other  hares  one-third  smaller ;  gnawers  very 
similar  to  the  field  mouse  ;  birds  of  the  size  of  the 
wagtail ;  and  serpents  as  large  as  our  common 
Bnake.  The  bones  of  hares  are  most  common;  and 
they  appear  to  M.  Cuvier  undistinguishabie  from 
the  existing  breed  of  wild  hares,  though  he  cannot 
venture  to  pronounce  them  the  same,  ibr  their  oste- 
ology is  not  nearer  than  that  of  the  North  American 
or  Egyptian  hares,  which  must  be  held  to  be  difierent 
species  from  the  European.  The  subgenus  ofmicsy 
and  the  small  tribes  of  which  it  consists,  beginning 
with  the  ondatra  or  great  musk-rat  of  America,  and 
terminating  with  our  small  field  mice,  are  distin- 
guished from  the  other  rats,  by  their  teeth,  to  the 
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number  of  three,  in  all  without  roots,  and  composed 
through  their  whole  height  of  triangular  or  rhoni« 
boidal  prisms,  whose  edges  are  respectively  parallel 
to  the  lateral  faces  of  the  prism.  In  the  ordinary  rats 
which  arc  less  exclusively  herbivorous,  the  crown  is 
short,  tuberculous,  and  when  it  is  worn  so  as  to  re^ 
sembic  a  little  that  of  the  field-mice,  its  lowness,  and 
the  speedy  division  of  the  tooth  into  roots,  enable 
us  to  recognise  it. 

Fn»m  t)ke  bony  breccia  of  Autlbes,  M*  Curier  has  extT«ct«tl  a 
put  of  tlie  lower  jaw  of  a  ruminant  approaching  in  size  to  a  mo<l»«< 
ratcly  large  fallow  de«r,  and  a  very  cbaractonstic  back  grinder  of  a  great 
horse,  la  the  breccia  of  Nice,  he  found  a  portion  of  lower  janr  of 
sheep  or  antelope  of  middle  si/e  ;  sevend  mobir  teeth  of  deer  MM 
different  kinds ;  a  first  and  last  grinder  of  a  targ«i  ox,  iuil»edded  in 
the  rod  cement ;  the  lower  portion  and  condyle  of  a  femur  of  ■- 
mminant ;  a  considerable  piece  of  the  hiud  foot  of  a  species  of  atag; 
and  diNtinct  boues  of  a  kind  of  hone  of  the  sixe  of  a  coach  horae. 

The  ^awers  so  commoa  in  the  other  breccias  of  the  Mediterraneaa 
shores,  are  rare  at  Nice.  The  tooili  of  a  lion  and  a  panther  bawj 
l>een  detected  ;  also  remains  of  a  land  tortoise,  more  akin  to  timj 
testudo  radutta  of  New  Holland  tlinii  any  other. 

In  the  osseous  breccias  of  IJliveio  near  Pisa,  M.  Cuvier  diatin- 
guished  a  tibia  of  a  large  raiuiiiani,  tlie  jaw  bone  of  a  hare,  an4 
jaw  bones  of  a  species  of  fallow  deer. 

The  Cape  of  Palinurus,  which  Virgil  baa  engraTed  on  tlic 
memory  of  every  classical  scholar, — 

O  nimiuni  cccio  ct  pclago  confise  sereno 
NiidiLS  in  ignota,  Paliniire,  jscebis  arena— 
i»  a  promontory  on  the  const  of  the  kingilom  of  Naple*t,  in  the  din* 
trict  extending  from  tiie  galf  of  balernum  to  that  of  Polica^tiD. 
M.  Cuvier  lias  obtained  from  its  breccia,  an  nppcr  part  of  ib« 
fibia  of  a  stag,  of  intermediate  sixe  between  a  commoa  deer  and 
elk,  an<l  the  under  anterior  molaris  of  a  ruminant. 
'  Tlie  breccias  of  Corsica  are  similar  to  the  preceding.  W*e  fiod 
ibe  Mine  reddish  cement,  enveloping  angular  fragments  of  vTvnilir< 
lisMatODe,  some  aoail    shells,   and  immmeruble  parcels  of 
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with  iDterBtitlal  spaces^  Babseqncntly  filled  up  or  besprinkled  triih 
stalactitic  cryntalii.  M.  Bro^iiart  conHldent  the  stony  fra^^rnents 
of  the  conglomerate,  as  trauuitiuii  liniejitone,  the  ouly  old  ealcarcous 
forniaiioa  of  the  inland,  whii-h  iiumediately  underlies  tlie  tertiary 
strata.  M.  Curier  has  found  lu  this  breccia  a  complete  skull  of 
a  hare,  which  he  refera  to  the  tail-less  hare»  or  argali  of  Siberia, 
called  by  him  hgomySy  whicJi  the  muffbU  of  Corsica  and  Sardinia 
indeed  closely  resembles.  He  also  detected  an  enormous  quantity 
of  boueH  of  a  species  of  gnawers^  very  like  those  of  a  water-rat ; 
probably  the  same  with  the  fos-sil  field-mouse  of  Cette. 

In  the  oHseou:)  conglomerates  of  Sardinia,  bare  been  found  in  a 
single  specimen,  the  size  of  the  fist,  numerous  bones  of  the  field- 
mouse  family,  and  of  tour  other  tspecies  of  small  gfnawers,  indicat- 
ing a  zoology  quite  different  from  what  tliis  country  preseut^i  at  the 
present  day.  A  species  of  lagomys  has  been  also  detected.  Frag- 
ments of  die  sorex  fodiens,  a  species  of  water  rat,  have  been  like- 
wise seen  here.  In  c-onglome rales  so  richly  stored  witb  bones, 
wlmt  discoreries  might  be  made,  were  there  resident  natumlists 
who  could  explore  tbem  for  a  few  months  on  the  spot  I 

From  Palermo  in  Sicily,  M.  Cuvier  had  a  piece  of  conglomerate 
which  aiTorded  him  the  forepart  of  the  lower  jaw  of  a  horse,  con- 
taining 6  incisors^  beloiisrint^  to  an  individual  from  6  to  7  years  old  ; 
and  the  lower  cund)j!e  of  a  humerus  of  a  stag,  of  intermediate  size 
between  that  of  Canada  and  our  common  deer. 

The  breccia  of  Dalmatia  is  probably  the  most  extensive  of  all, 
stretching  along  liie  whole  coasts  of  Venetian  Dalmatia,  and  eren 
much  further  towards  the  south.  Its  structure  and  aspect  are  the 
same  as  that  of  Gibraltar.  All  the  bones  hitherto  t^xtracted  by 
Cuvier  belong  to  rumiuaut^,  impasted  in  the  ordinary  rcddiah 
cement. 

Doctor  Buckland  shows  with  his  wonted  saga- 
city, that  the  red  cement  of  the  osseous  breccia,  is 
an  earthy  Io;ini,  differiJig  merely  in  colour  from  that 
which  filLs  the  cuves  and  fissures  of  the  rocks  of  the 
German  caves,  and  constitutes  the  diluvial  loam  on 
their  bottom.  The  consolidated  stiUe  of  the  breccia, 
is  due  to  the  stalactitic  infiltrations  of  calcareous 
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waters.  Tliis  also  has  happened  to  much  of  th( 
German  cave  loam.  It  appears  tliat  besides  th< 
bones  of  extinct  species  of  animals,  found  in  tin 
fissures,  and  imbedded  in  their  breccias,  there 
other  bones  of  postdiluvian  origin  ;  both  sets  th< 
remains  of  animals  which  had  fallen  into  the  en 
vices  and  perished  there  ;  only  the  first  set  ai 
agglutinated  by  the  diluvium  and  calcareous  infil- 
tration. Professor  Buckland  has  shown  analogoui 
phenomena  in  the  fissures  of  many  of  the  Englis] 
limestone  rocks,  as  at  Oreston,  near  Plymouthj  an^ 
Duncombe  Park. 

Comparison  of  the  Osseous  Breccia^  with  the  boi 
loom   of  the  Caverns, — Mr.  Fortis   describes  th< 
breccia  of  Dahnatia,  and  some  of  the  islands, 
occurring  both  in  vertical  and  horizontal  caviti< 
of  the  limestone,  visible  in  clefts  and  fissures  alonj 
the  shores,  and  in  caves  in  the  interior  of  all  th< 
islands  and  coasts  of  Illyria,    The  bones  are  usual!; 
imbedded  in  the  red  ochreous  cement,  dispersed  an< 
broken.     This  mass  of  earthy  loam,  differs  only  iij] 
colour  from  that  which  tills  the  caves  and  fissure%| 
and  composes  the  superficial  dihivial  loam  in  Ger- 
many.    Its  consohdated  state  may  be  referred  to*] 
stalagmitic  infiltrations  as  we  have  formerly  said. 
"At  the   north  extremity  of  the   mountain"  oi 
Gibraltar,  says  Major  Imrie,  "the  concretion  (ol 
reddish  calcareous  cement)  is  generally  fomui  in 
perpendicular  fissures  j  the  miners  there  employed 
on  tlie  fortifications,  in  excavating  one  of  those 
fissures,  found  at  a  great  depth  from  the  surface  two 
skulls  (not  human).     This  concretion  varies  in  its 
composition,  according  to  the  situation  where  it  is 
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found.  At  the  extremity  of  Prince's  Lines,  high  in 
the  rock  which  looks  towards  Spain,  it  is  found  to 
consist  only  of  a  reddish  calcareous  earth,  and  the 
bones  of  small  bii*ds  cemented  thereby.  The  rock 
around  this  spot  is  inhabited  by  a  number  of  hawks, 
that  in  the  breeding  season  iiestle  here,  and  rear 
their  young  ;  the  bones  in  tliis  concretion  are  prob- 
ably the  remains  of  the  food  of  those  birds.  At 
the  base  of  the  rock  below  King's  Lines,  the  concre- 
tion consists  of  pebbles  of  the  prevailing  calcareous 
rock.  In  this  concretion  at  a  considerable  depth 
under  the  surface,  was  found  part  of  a  green  glass 
bottle."* 

'  These  phenomena  prove  that  a  formation  of  analo^oas  breccia  is 
still  ^otn|^  on.  In  the  case  of  the  Mediterranean  breorias,  us  well 
as  in  the  caves  at  Plymouth,  the  introduction  of  the  luam  and 
pebbles  may  be  justly  ascribeil  to  dituvja]  action  supenmlucrd  upon 
bone^  and  angular  fragments,  that  hatl  fallen  into  the  cavities 
whilst  yet  op^n,  in  the  period  preceding  the  last  general  inundation 
of  the  earth.  "  The  uncovered  parts  of  the  rock/'  says  Major 
Imrie,  *'  expose  to  the  eye  a  phenomenon  worthy  of  some  atten- 
tion, as  it  tends  clearly  to  demonstrate,  that  however  high  the 
surface  of  this  rock  may  now  be  elevated  above  the  level  of  the 
sea,  it  has  once  been  the  bed  of  agitated  waters.  This  phenom- 
enon is  to  be  observed  in  many  ports  of  the  rock ;  it  conatsu  of 
pot-like  holes  of  various  sizes,  hollowed  ont  of  the  solid  rock,  and 
forineil  apparently  by  the  attrltioii  of  gravel  or  pebbles,  set  in  mo- 
lion  by  the  rapidity  of  rivers  or  currents  in  tlie  sea.  One  of  these 
which  had  recently  been  laid  open  I  examined  with  attention,  and 
found  it  to  be  five  feet  deep,  and  tliree  in  diameter;  tlie  edge  of 
its  mouth  rounded  ofT  as  if  by  art,  and  its  sides  and  bottom 
retaining  a  considerable  degree  of  polish.  From  its  mouth  for 
three  and  a  half  feel  down,  it  was  filler!  with  a  red  argillaceona 
earth,  tbiidy  mixed  with  minute  parts  of  transparent  quartz  crys- 


•  Edin.  Phil.  Trans,  vd.  IV. 
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tala ;  the   remaining  foot  and  a  half  to  the  bottom,  contaiDed  an 
aggregate  of  water-worn  stones  which  were  from   the  use  of 
goose's  egg  to  that  of  a  siuall  walnut,  and  coiiaiated  of  red  ja»pei 
ycUowitih- white  flints,  white  quartz,  and  bluitih-white  agates*  firm! 
combined  by  a  yellowish  brown  atalactitical  calcareous   spir. 
this  breccia  I  could  not  discover  any  fragment  of  tlie   mounl 
ruck,  or  any  uth^r  calearnouA  matteri  except  the  cemont  with  wfai 
it  was  combined.     This  pot  in  940  feet  above  the  level  of  the  t 
The   red  argillaceous   earth  forms   the   diluvial   matrix   of 
hoaea  in  the  caves  and  fissures  immetiiately  below;  and  the  pebbl 
lodged  with  it  on  the  snmmtt  of  an  insulated  and  precipitous  moi 
tain  of  limestone,  are  analogous  to  tlip  blocks  of  Mont  Blnnc  granil 
lodged  on  the  high  slopes  of  the  Jura  mountains ;  both  having 
forced  up  into  their  present  places  by  the  deflux  of  the  delogo. 

All  these  circumstances  concur  to  establish 
identity  of  time  and  manner  in  the  formation  of  tin 
osseous  breccia  that  fills  the  fissures  and  caves 
Gibraltar,  &c.,  with  that  of  the  conglomerate  loani 
which  occurs  in  the  caves  and  fissures  of  Gemianj 
and   England.     Had  the  mud  and  pebbles  beei 
introduced  into  the  caves  before  they  were  inhal 
ited,  tJiey  would  liavc  formed  the  lower  strati 
of  the  floor,  over  which  the  animal  exuviae  wouU 
have  been  strewed ;  a  condition  totally  diffcrenl 
from  the  reality.     The  bones  are  indiscriminate!/] 
distributed  throughout  the   diluvium   of  minglei 
loam,  sand,  and  pebbles,  forming  a  paste.  whi< 
the  deeper  we  descend  into  the  caverns,  becometj 
thicker  and  thicker,  till  in  the  lower  regions  and] 
under-vaultings,  it  chokes  up  the  whole  rocky  exca- 
vation, thus  affording  the  most  graphic  traces  of  the] 
deluge,  pouring  down  its  debacle.    That  the  bonei] 
were  not  washed  into  these  vaults,  from  the  opeaj 
surface  of  the  earth,  is  proved  by  the  fact,  that  while 
every  cave  contains  nearly  the  same  proportion  ofj 
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l»ehh\ydetritmf  the  occurrence  of  bones  is  limited  to 
a  sniiill  number ;  and  in  these  they  are  crowded  in 
such  enormous  quantities,  and  are  so  distributed  as 
to  demonstrate  their  pre-occupancy.of  the  chambers; 
Nor  has  there  been  a  succession  of  these  mighty 
cataclysms  ;  for  there  is  only  one  crust  of  stalag- 
mite, covering  one  agglomeration  of  gravel  and 
bones ;  whereas  on  the  former  supposition,  alter- 
Date  strata  would  liave  been  found. 

The  appearances  in  the  Oreston  caves  near  Ply- 
moutli,  assimilate  them  more  with  the  fissures  of 
Gibraltar  and  Duncombe  Park,  than  with  the  Kirk- 
dale  and  other  antediluvian  dens.  There  was  in 
the  former,  a  nearly  perpendicular  hole,  containing 
bones  quite  untouched  by  violence  of  any  kind, 
lodged  in  irregular  heaps  in  the  lowest  pits,  and  in 
recesses  along  the  lateral  enlargements  of  tlic  hole, 
mixed  with  mud,  pebbles,  and  fragments  of  lime- 
stone,  in  a  manner  precisely  similar  to  the  osseous 
breccias  of  the  Mediterranean  shores.  Professor 
Buckland  tiierefore  co!icludes  that  the  animals  had 
fallen  during  tlie  antediluvian  period  into  the  open 
fissures,  and  there  perishing,  had  remained  undis- 
turbed in  the  spot  on  which  tliey  died,  till  drifled 
forwards  by  the  diluvian  waters  to  their  present 
place  in  the  lowest  vaultings  with  which  these  fis- 
sures had  communication.  The  wolves  and  hyaenas 
may  have  eitlier  fidlen  by  accident  like  the  horses, 
oxen,  and  deer,  into  natural  pitfalls  in  the  Ore- 
ston rocks,  or  have  recklessly  leaped  into  them 
to  devour  the  dead  carcasses  of  the  graminivorous 
animals.  The  large  proportion  of  the  latter  animals 
to   the  carnivorous  is  quite   consistent  with  this 
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hypothesis-     In  the  districts  of  mountain  limestone, 
in  Monmouth  and  Glamorganshire,  the  cattle  ha^ 
to  be  protected  from  such  accidents,  by  the  er< 
tion  of  walls  round  the  open  crevices. 

The  lamantine  and  dttgong  are  two  large  eel 
ceous  animals  somewhat  similar  to  seals,  which  noi 
frequent,  the  former,  the  coasts  of  South  Amerit 
and  Africa,  the  latter  the  Indian  seas.  They 
both  graminivorous,  living  on  sea-weetl,  are  accon 
ingly  furnished  with  grinders  in  their  jaws,  an< 
never  recede  far  from  the  shore,  but  sometuni 
advance  into  the  mouths  of  rivers.  Some  bones 
the  lamantine  liavc  been  extracted  from  a  co; 
shell  limestone  on  tlie  banks  of  the  Uttle  river  Lay< 
in  the  department  of  the  Maine-et-ljoire,  as  ah 
in  several  other  parts  of  France.  M-  Cuvier  infe 
that  it  is  very  certain  that  an  animal  of  the  lamantine 
genus — a  genus  now  peculiar  to  the  torrid  zon( 
dwelt  in  the  ancient  sea,  which  has  covered  tli 
lands  of  Europe  with  its  shells  at  a  period  posteri< 
to  the  chalk  formation,  but  anterior  to  tliat  ii 
whicli  the  gypsums  were  deposited,  when  th( 
palicotheriums,  and  their  contemporary  genera  livr^ 
in  these  latitudes. 

Fossil  Dolphins, — In   1800,  M.  Cortesi  of 
cenza,  collected  some  bones  of  the  elephant  am 
rhinoceros  on  the  summit  of  Mount  Pulgnasco,  oj 
of  the  hills  which  descend  from  the  lofty  Appeniui 
towards  the  plain  of  the  Po.   They  lie  almost  on 
surface.    Parallel  to  Mount  Pulgnasco,  to  tiie 
and  separated  from  it  by  the  small  stream  call< 
Stramonte,  there  is  another  hill  much  lower  nom^ 
Torazzo,  from  the  remains  of  an  old  tower,  and 
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composed,  like  the  base  of  Pulgnasco,  of  a  bluisli 
clay,  filled  with  sea  shells.  In  this  hill,  about  1*20 
feet  above  the  Stramonte,  M.  Cortcsi,  attracted  by 
a  vertebra  which  had  been  brought  to  him  from 
this  place,  made  excavations,  and  discovered  the 
nearly  entire  skeleton  of  a  dolpliin ;  a  success 
which  excited  him  to  very  zealous  researches  since 
that  time.  The  fish  to  which  that  skeleton  be- 
longed must  have  been  about  thirteen  feet  long. 
M.  Cuvier  considers  it  to  be  of  a  different  species 
from  the  dolphins  now  known  to  natuiahsts.  Fossil 
remains  of  another  dolphin  have  been  found  at 
Sort,  a  village  in  tlie  department  of  Landes,  two 
leagues  from  Dax,  buried  in  a  bed  of  broken  shells 
and  otlier  marine  productions.  The  whole  length 
of  the  animal  when  alive  must  have  been  9  feet ; 
and  it  seems  also  to  differ  from  existing  species. 
Some  other  fossil  fragments  ol*  dolphins  have  been 
found  in  other  places. 


CHAP.   VU,— THE   PRESENT  EARTH,  AND  ERA  OF  ITS 
EMERGENCE. 

The  original  dry  lands  having  been  upheaved  from 
tlie  circumfluent  abyss,  prior  to  the  creation  of  the 
animal  tribes,  were  truly  primitive  formations,  afford- 
ing naturally  to  the  husbandman  a  dense  and  stub- 
bom  soil.  But  the  mineral  strata  formed  under  the 
ocean  during  the  antediluvian  interval,  were  planes 
of  argilhiceous  and  siliceous  loam,  through  which, 
calcareous  matter,  in  a  friable  state,  was  largely  and 
imiversally  distributed  by  organic  secretion.  That 
term  of  the  terraqueous  constitution  may  tlierefore 
be  compared  to  tlie  larva  state  of  some  jmimals. 
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during  which  the  grand  mctamoqohosis  was  slowly  i 
preparing  for  the  production  of  a  better  and  morel 
enduring  earth,  when  that  ancient  ocean  shouldl 
transfer  its  mass  to  a  new  bed,  possibly  that  of  om 
present  Pacific,  Mediterranean,  &c.  while  the^ 
secondary  strata,  as  of  Italy,  France,  England,  andj 
other  countries,  were  elevated  and  laid  dry.  The. 
physical  proofs  of  such  changes  have  been  fully; 
detailed  in  the  former  chapters  of  this  work. 

Calcareous   matter   is   indispensable   both   as  a 
stimulus  and  a  food   to  plants,  but  the  compactj 
semi-crystalline  texture  of  primitive  limestone,  an< 
its  insulation  in   detached   mountain   blocks,   ardj 
impropitious  to  its  agricultural  influence.     Wheal 
disseminated  in  the  form  of  pulverised  shells  an< 
marl,   it  becomes  so  beneficial  to  vegetation,  thai 
mixed  in  due  proportions  with  alumina  and  silica,  ifl 
may  constitute  a  soil  inexhaustibly  fertile.*     Hen< 
primitive  and  transition  districts  of  country,  likl 
Cornwall  ami  Northumberland,  areas  readily  recog- 
nised by  the  farmer  as  by  the  geologist 

The  antediluvian  dens,    so  skilfully  deciphere( 
by  Dr.   Buckland,   serve  unquestionably  to  show, 
tliat  certain  strata  of  submarine  formation,  richl; 
replenished  with  shell  limestone,  had  been  clevati 
into  habitable  land  long  prior  to  the  deluge,  a  corol- 
lary from  our  principles  of  the  unstable  eqnilibrini 
of  the  primeval  globe.     And  the  whole  phenomeni 
of  geology  concur  to  prove,  that  much  of  the  rich* 


•  A  very  firoductive  soil,  from  the  banks  of  the  river  laurel,  in  Si 
KKtshirc.  aflurdetl  to  Sir  H.  Davy  fi>iir-firth&  of  its  weight  of  carbonate 
lime;  und  nnolhcr  yielding  excellent  pasture,  from  the  valley  of 
Avon,  near  Salisbury,  gave  three-fiAhs. — AgrictMurai  CAcm,  pp.  SOI, : 
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soil  of  the  present  earth,  was  elaborated  and  ripened 
with  supreme  skill,  and  benevolent  foresight,  under 
tliat  ancient  ocean. 

By  tiie  alternate  agitation  and  repose  of  the  same 
waters,  was  arranged  that  beautiful  alternation  of 
porous  and  dense  beds,  so  finely  exemplified  in  the 
secondary  and  tertiary  formations  of  England,  To 
that  structure  is  due  the  wide  distribution  of  fresh 
waters  in  springs  and  wells, — essential  to  animal 
comfort  and  existence.  But,  for  that  happy  alterna- 
tion, every  extensive  tract  of  level  land,  must  have 
been  either  marshy  from  excess  of  water,  or  sterile 
from  want  of  it.  Now,  in  consequence  of  the  repeti- 
tions of  the  mineral  series,  and  the  gentle  slopes  of 
the  mineral  planes,  one  or  more  strata  may  be 
absent  without  aflecting  the  filtering  and  reservoir 
mechanism  of  the  system. 

A  third  rich  legacy  bequeathed  by  the  antedilu- 
vian world  to  its  successor,  merits  particular  notice. 
The  ardent  temperature  which  has  been  shown  to 
have  glowed  at  Hrst  in  the  primeval  scene,  even  under 
latitudes  much  higher  than  our  own,  called  forth 
tliat  luxuriant  vegetation  round  all  its  inland  lakes, 
by  the  successive  deposition  of  whose  cxuvia?  on 
their  bottoms,  our  coal  strata  were  formed.  Had 
plants  passed  through  their  several  stages  of  vigour 
and  decay,  in  these  ancient  times,  as  slowly  as  they 
do  now,  the  coal-mines  of  Great  Britain  could  hardly 
have  existed  ;  her  fire-instinct  automaton  would 
have  been  unknown  or  inoperative;  and  this  island, 
now  the  queen  of  commerce  and  the  arts,  must 
have  slumbered  ingloriously  amid  the  fogs  of  her 
wintry  seas. 
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What  a  steady  career  of  amelioration  do  thcs 
three  cases  disclose  amid  apparent  tumult  and  di; 
aster !     Nor  are  moral  analogies  wanting ;  for  hei 
we  may  perceive  Divine  Providence  rearing  with  oni 
hand  a  monument  to  all  ages  of  the  punishment 
incorrigible  violence  and  impiety;   and  with   tlu 
other  constructing  a  better  habitation  for  man,  tb< 
destined  scene  of  a  new  covenant  of  grace,  to 
hallowed,  in  the  fulness  of  time,  with  the  footstep 
of  EmmanueL     The  first  earth  had  displayed, 
sight  of  mortal  and  immortal  powers,**  how  grievj 
ously  the  gifts  of  robust  health  and  longevity  migl 
be  abused  by  wilful  free  agents ;  the  second  ws 
ordained  to  show  how  conducive  a  feeble  frame,  ai 
a  brief  span  of  existence,   might  be  made  to 
eternal  welfare  of  responsible  beings. 

From   the   diminished  area  of  the  postdilu\nj 
lands,  and  temperature  of  its  seas,  the  new  glol 
could  not  furnish  room  or  food  sufficient  for  ll 
myriads  of  enormous   animals  which    peopled   il 
predecessor.     Hence  we  may  comprehend  why 
fossil  elephant,  mastodon,  great  cavern  bear,  pala?* 
therium,    megatherium,  megalonyx,  mcgalosaunj 
and  iguanodon,  were  not  restored.     Those  powt 
ful    and  voracious   quadrupeds   would   have    coi 
sumed  the  nascent  herbage,  which  the  hoi*se, 
cow,  the  sheep,  ami  the  other  tribes  of  domesi 
animals  required.     Moreover,  we  may  see  that 
multiplication  of  the  former  orders  of  wild  beas 
would  have  been  incompatible  with  the  unbound^ 
dispersion  of  man  over  every  district  of  the  rem 
vatcd  earth.     The  primeval  compatriots  of  N< 
were  certainly  restricted  to  one  region,  now  sul 
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itiersed ;  for  human  bones  moulder  as  slowly  in 
the  earth  as  those  of  any  brute  animal,  yet  not  one 
of  them  lias  been  found  of  a  truly  fossil  character. 
The  conchision,  indeed,  may  be  drawn  from  the 
prodigious  herds  of  wild  beasts  which  prowled 
tluough  these  northern  regions  of  ours,  that  human 
society  was  not  estabhshed  there.  The  two  were, 
in  fact,  incompatible,  and  could  not  dwell  together. 
And  further,  we  may  venture  to  infer  from  the 
tenor  of  tlie  Mosaic  history,  that  God,  foreseeing 
tlie  wickedness  of  Cain's  progeny  and  their  asso- 
ciates, benevolently  restrained  the  progress  of  prime- 
val population. 

Thus  we  learn  that  Adam  was  130  years  old 
before  the  loss  of  Abel  was  repaired  by  the  birth  of 
Seth  ;  and  Seth  lived  1U5  years,  before  Enos  his 
eldest  son  was  born.  Again,  Enos  was  90  years 
old  before  he  had  Cainan,  to  whom  Mahaleel  was 
born  in  his  76th  year.  After  65  years  Jared  ap- 
peared, who  had  no  son,  howevei',  till  he  was  1&2 
years  of  age.  Then  Enoch  was  born,  who  begat 
Medmselah  in  his  fi.Odi  yeai* ;  but  Methuselah  was 
187  years  old  before  he  had  Lamech,  whose  son 
Noali  was  born  m  his  lS2d  year. — The  average 
period  whicli  each  of  the  primeval  patriarchs  lived 
before  his  eldest  son  was  born,  was  therefore  117i 
years. 

Judging  from  these  data,  the  only  ones  we  have, 
the  increase  of  population  must  have  been  very 
slow;  Divine  mercy  limiting  the  victims  of  gnilt 
and  perdition.  Multiplying  in  this  temperate  ratio, 
the  race  of  man  could  not  spread  widely  over  the 
world,  tliinned   as  the   members  must  also   have 
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been,  by  mutual  violence,  the  dire  legacy  of  Cain^ 
Whither  Adam  went  when  banished  from  the  dii 
trict  of  Eden,  we  cannot  tell.     We  formerly  suj 
gested  that  he  and  his  family  might  have  wanden 
into  some  great  southern  territory,  which  expiat< 
the  curse  of  God  pronounced  on  the  earth  on 
count  of  Adam's  sin,  by  its  submersion  at  the  delugi 
"  And  God  said  unto  Noah,  The  end  of  all  flesh 

rome  before  me,  for  the  earth  is  tilled  with  violent 
ithrough  them  ;  and  behold  I  will  destxoy  them  Tcii 

he  earth" — Genesis  vi.  IS,  This  language,  as  al* 
St  Peter's  emphatic  term,  acwXsro  (perished),  couh 
never  be  spoken  of  a  transient  inundation.  WouU 
any  one  affirm  tliat  Egypt  perishes  or  is  destroys 
every  summer,  when  its  land  disappears  under 
waters  of  the  Nile  ?  But  if  the  earthy  continc! 
which  was  occupied  by  the  antediluvians,  beinj 
permanently  overflowed  witli  water,  j)erished  in  llw 
deluge,  a  result  to  whicli  physical  principles  hai 
already  led  us,  then  prior  to  that  terraqueous  revoli 
tion,  the  climate  of  the  primeval  lands  and  seas,  evei 
in  arctic  regions,  must  have  been  warm  enough, 
wc  have  seen,  to  breed  and  nourish  organic  produ< 
tions  now  confined  to  the  tropics.  Hence  the  bon' 
relics  of  the  elephant  and  rhinoceros,  found  in  tli 
soils  of  the  north,  instead  of  being  obstacles 
faith,  become  unimpeachable  witnesses  to  the  Divuie] 
inspiration  of  Moses,  when  he  relates  the  destruc- 
tion of  the  earihj  along  with  its  guilty  inhabitants. 
The  same  causes  that  are  now  narrowing  tl 
range  of  fertility  in  many  tropical  countries,  ihi 
same  pulverisation  of  the  surface  by  continued 
drought,  the  same  sand-fluod  must  have  acted  yalh 
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far  greater  force,  on  the  relatively  arid  antediluvian 
lands.  Hence  most  probably  a  great  and  rapidly 
widening  zone  on  eitlier  side  of  the  equator,  was 
altogether  desolate.  But  the  proportional  area  of 
land  and  water  established  by  the  deluge,  is  adapted 
to  a  more  durable  and  extensive  fertility  of  the 
globe,  from  the  more  abundant  distribution  of  water 
in  every  form,  solid,  liquid,  and  gaseous. 

In  book  first,  chapter  third,  it  has  been  shown 
that  round  a  sphere  of  uniform  temperatiu'e,  an 
atmosphere,  composed  like  our  own,  of  air  and 
vapour,  could  possess  no  /^^era/ currents,  no  winds, 
and  could  deposit  no  rain  drops  on  the  earth.  All 
its  motions  would  be  vertical,  caused  by  a  perpetual 
struggle  between  the  temperature  due  to  the  den- 
sity of  the  air,  and  the  constituent  temperature  of 
the  vapour ;  whence  evaporation  would  go  on 
below,  and  simultaneous  condensation  above. 

The  warmth  of  the  ancient  ocean,  and  of  its 
incumbent  zones  of  air,  would  maintain  a  vast  deal 
of  moisture  in  the  vaporous  form;  much  of  which 
on  very  slight  ditninutions  of  heat  would  precipi- 
tate on  the  ground  in  most  copious  dews.  Thus, 
supposing  the  temperature  of  any  region  of  the 
antedduvian  globe  during  the  day  to  liavc  been 
I'iO'  R  and  during  tl»e  night  to  be  still  110°,  as 
much  water  woidd  be  separated  from  it  in  dewy 
deposition,  as  from  our  atmosphere  over  the  equa- 
torial seas  at  80"*,  were  it  chilled  down  to  3^2"  below 
our  ireezing  point. 

The  streams  of  ascending  vapour  might  be  con- 
sidered merely  as  the  carriers  of  caloric  from  the 
surface  of  the  earth  to  the  upper  regions.     But  in 
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a  sphere  whose  surface  is  very  unequally  heated* 
like  the  present,  and  whose  temperature  decreases! 
rapidly  from  the  equator  to  the  poles,  lateral  cur* 
rents  of  air  and  vapour  would  ensue,  with  a  con- 
densation of  moisture  in  the  form  of  rain-drops,, 
more  or  less  copious,  according  to  the  extent  ol 
evaporation  in  the  equatorial  regions,  and  the  in-j 
creasing  coldness  of  the  extra-tropical.  The  ancient 
world   possessed   a   middle   constitution   between 
these  two  extremes.     Its  superficial   temperature 
was  not  very  unequable  from  pole  to  pole,  and  its 
expanse  of  humid  surface  was  less  relative  to  that 
of  its  dry  land.     Thus  the  causes  of  atmospheric 
commotion  were  fewer  and  feebler ;  and  the  phe- 
nomenon of  rain  must  have  been  very  rare,  except 
on  some  insular  circumpolar  coasts.     The  exhala- 
tions from  tlie  tepid  seas  would  tliftuse  abundance  | 
of  aqueous  nourishment  to  the  cactuses,   palms, 
and  cycadcoideic  of  its  glowing  plains. 

Immediately  after  the  flood,  however,  the 
soaked  lands  would  send  up  universal  exhalations 
round  the  chilly  globe  ;  whence  showers  and  rain- 
bows would  become  for  some  time  at  least,  almost 
daily  appearances- 

This  conclusion  of  physical  research,  coincides 
well  with  our  ancient  history  of  tlie  new*drained 
earth.  *'  And  God  said.  This  is  the  token  of  the 
covenant  which  I  make  between  me  and  you,  and 
every  Uving  creature,  that  is  with  you  for  jxjrpe- 
tual  generations  :  /  do  set  my  bow  in  the  cloudy  and 
it  shall  he  for  a  token  of  a  cave?wnt  between  me  and ' 
the  earth.  And  it  shall  come  to  pass  when  I  bring  0 
cloud  oter  the  earthy  lltat  the  bww  shall  Ite  seen  in 
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cloud.  And  the  waters  shall  no  more  become  a 
flood  to  destroy  all  flesh." — Genesis  ix.  The  ark 
preserved  eight  intelligent  witnesses,  come  to  ma- 
ture age,  ol"  antedUuvian  skies  and  seasons.  Had 
a  shower  of  rain  been  as  common  before  the  flood 
as  it  was  after  it,  tlien  the  rainbow  being  a  neces- 
sary  result  of  the  refraction  and  reflection  of  the 
sunbeams  by  the  sheet  of  failing  drops,  must  have 
been  often  seen  by  the  family  of  Noah,  in  the  lanil 
of  their  birth,  and  could  not  therefore  he  now 
hailed  by  tliem  as  an  infallible  seal  of  a  peculiar 
covenant,  graciously  bestowed  by  their  reconciled 
Ruler.  He  had  just  appeared  in  an  awful  light ; 
as  the  inexorable  judge  of  their  guilty  compatriots. 
Anxiously  might  they  lift  their  eyes  to  heaven  for 
some  new  token  to  inspire  confidence  in  the  stabi- 
lity of  the  new  order  of  nature  ;  to  encourage  them 
to  diligence  in  their  enjoined  task  of  replenishing 
the  earth. 

It  is  therefore  evident,  both  from  the  emphatic 
words  in  w^hich  the  meteoric  ensign  of  heaven's 
favour  is  announced,  as  well  as  from  the  holy  pur- 
pose which  it  was  ordained  to  serve,  that  it  must 
have  been  equally  strange,  as  it  was  glorious  in 
their  sight ;  for  antediluvians  occupying  possibly 
on  their  devoted  lands,  a  portion  of  its  great  conti- 
nent, now  covered  by  the  Pacific,  might  never  have 
witnessed  a  sun-shine  shower.  A  canopy  of  clouds 
indeed  might  otlen  be  stretched  in  the  cooler  upper 
regions  of  their  skies,  but  the  aqueous  vesicles  in 
descending  through  the  warmer  aerial  strata  below, 
would  return  again  to  invisible  vapour,  a  process 
fully  described  in  Book  L  chap,  3.    In  such  clouds. 
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no  bow  could  be  set-  Heavy  dews  deposited  duNH 
ing  the  night  and  early  dawn,  from  the  well  knowoB 
influence  of  a  ground  chilled  by  caloriric  radiation,H 
would  supply  the  place  of  rain  for  vegetable  sus^H 
tenance  ;  as  now  happens  in  Lima  and  many  othecH 
regions  of  oiu-  present  globe.  H 

I  had  deduced  these  corollaries  from  the  hygro*  H 
metric  laws  laid  down  in  treating  of  the  atmosphere,  I 
before  my  attention  was  directed  to  the  folio wiug'H 
curious  historical  notice  of  primeval  meteorologr.fl 
It  aflbrds  a  very  beautiful,  and  to  me  quite  unex-B 
pected  accordance,  between  the  results  of  Science^| 
and  the  records  of  Faitii.  ^H 

" For  the  Lord  God  had  not  caused  it  to  raivB 
upon  the  earth,  and  there  was  not  a  man  to  till  the  ■ 
ground.  But  there  went  up  a  mist  from  the  whole  B 
eartli,  and  watered  the  whole  face  of  the  ground.**  fl 
Genesis  ii.  5,  6.  H 

This  document,  at  which  a  sciolist  might  possibly  H 
sneer,  is  in  reality  a  powerful  testimony  to  the  truth  H 
of  Moses.  S 

The  rainbow  thus  becomes  a  most  significant 
emblem  of  God's  providential  regard  to  man.  It  is 
a  phenomenon  which  results  from,  and  declares  the 
remodelled  constitution  of  the  terraqueous  sphere. 
It  is  a  type  of  sin  and  suffering ;  of  expiation  and 
peace ;  a  vision  where  the  heavcn-ward  soul  may 
discern  the  sublimest  truths  of  Revelation  and 
Science.  "  While  the  earth  remaineth,  seed-time 
and  harvest,  and  cold  and  heat,  and  summer  and  i 
winter,  and  day  and  night,  shall  not  cease."  ^| 

For  a  long  period  after  the  deluge,  the  earth,  at 
least  in  its  extra-tropical  zones,  remained  relatively 
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damp  and  cold.  Abbe  Mann  infers  from  an  elabo- 
rate research,  "  that  the  soil  and  lemperatmo  of  all 
the  countries  from  Spain  to  the  Indies,  and  from 
Mount  Atlas  to  Lapland  and  the  remotest  north, 
have  entirely  changed  during  the  course  of  ages, 
reckoning  from  the  earliest  historical  documents  to 
the  [)resent  time>  gradually  passing  irom  extreme 
humidity  and  cold,  to  a  considerable  degree  of 
dryness  and  warmth  ;  that  is  to  say,  from  oneoppo- 
site  to  another."     Abbe  Mann's  Memoirs^   I.  12. 

Tlie  Hon.  Daiiie8  Barringlon  also  from  a  wide  indutlioii  of  histor- 
ifal  farls  rondudoH,  **  t)mt  llie  fleasons  liave  become  infinitely  more 
mild  in  the  northern  latitmles,  than  they  were  16  or  17  centuries 
ago."     P/»A  rra;w.  1768. 

Cseaar  Hays  the  vine  coald  not  be  cultivale<l  in  Gaul  on  account 
of  the  seventy  of  winter ;  thou^^h  tliat  country  now  aiTonU  the 
highest  Bavourcd  wines.  The  ri'in-d«'i'r  was  in  Uin  limc  an  inhab- 
itant of  the  Pyrenees;  wliereas,  the  Higldancl»  of  Scotland  are  at 
this  day  too  warm  for  il.  The  Tiber  was  Ronietiines  frozen  over, 
and  the  ^ound  nhoiit  Home  covered  with  snow,  for  several  weekn 
together.  The  lioniaDS  never  experience  such  intense  wiot«r 
weather  in  our  times. 

This  progress  of  heat  and  desiccation  lias  produced 
remarkable  changes  on  the  land  of  Egypt.  For 
many  generations  after  the  ilood,  it  was  a  hotbed 
of  vegetation,  and  swarmed  with  the  animal  tribes. 
Even  in  the  time  of  Augustus,  the  granaries  of 
Rome  were  filled  from  the  corn-fields  of  Egypt. 
But  the  soil  of  the  greater  portion  of  it  growing 
progressively  more  arid,  has  now  become  a  mass  of 
incoherent  sand,  drifted  every  season  closer  to  the 
valley  of  the  Nile,  by  the  western  winds,  circum- 
scribing the  fields,  and  blasting  the  hopes  of  the 
husbandman.     No   lands   capable   of  tillage  now 
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remain  on  any  portion  of  the  banks  of  tliat  river» 
where  they  are  unslieltered  by  a  raountain-ridge. 

M.  Denon  infonnti  ils  tliat  nothing  any  longer  appears  abure 
tbese  «ui(U,  but  tbe  siuniuits  of  ruined  cities  tliat  lie  urerwbelmed 
beneatli  thi'm.  *<  How  melancholy  to  walk  over  Tillagra  swallowed 
up  by  the  flying  duat  of  the  desert,  to  trample  tbeir  roofs  andcr 
our  feel,  to  strike  against  the  very  pinnaitles  of  tlieir  minaretfi,  and 
to  reflect,  that  yonder  were  cultivatiMl  fields,  tliat  here  ^prew  Urtm, 
ami  there  stood  the  dwellings  of  men,  but  all  have  Tanisbe<l  for  erer.** 

Had  our  continents  been  as  ancient  as  some 
have  surmised,  this  scourge  of  tlie  desert,  wliich 
has  committed  such  ravages  since  the  days  of  Cleo- 
patra, sliould  long  beibre  that  period,  have  effaced 
every  vestige  of  human  habitation  Irom  the  western 
banks  of  the  Nile.  The  relative  contUtion  of  such 
monuments  attests  the  progressive  encroachment  of  ^ 
the  sand;  for  the  fertility  and  populousness  of 
Egj']>t  have  declined  visibly  with  the  exhaustion  of] 
tlie  diluvian  moisture.  Had  that  s^rcat  caticlvsm 
been  more  ancient  than  the  epoch  assigned  bv 
Moses,  Egypt  oiight  to  have  reached  its  ultimate 
desolation  very  long  ago-  Not  an  oasis  should  now 
remain,  no  green  island  in  the  wilderness,  to  remind 
the  traveller  of  those  fruitful  phiins  which  once 
extended  the  whole  way  to  the  Nile.  Thus  the 
gradual  invasion  of  Egypt  by  the  sands  of  tlie 
desert,  becomes  a  chronometer  of  our  globe. 

Berosus,  who  WTOte  at  Babylon  in  the  time 
of  Alexander,  speaks  of  the  deluge  nearly  in  tlie 
same  terms  witli  Moses,  and  supposes  it  to  have 
liappened  immediately  before  Belus,  the  faUu*r 
of  Ninus,  Though  the  traditions  of  some  ancient 
nations  who  trace  back  their  origin  maiiy  iUo\u 
sands  oi'  ages,  seem  at  tirst   sight  to   contnuiict 
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this  newness  of  the  actual  world,  yet  when  we 
examine  these  traditions  more  closely,  we  readily 
perceive  that  they  are  not  in  the  Icxst  historical, 
and  we  are  forced  to  conclude  that  genuine  history 
with  all  its  positive  documents  of  the  first  estahlish- 
ments  of  nations,  contirms  all  the  above  indications 
of  natural  monuments. 

Thp  GrpeVfl  confess  iho'ir  ignorancp  of  .ihe  art  of  writing  till  the 
Ph«iiiriftn«  taught  them  letters  al>out  31)  or  3-^  centuries  ago. 
Long  thiTcafter,  their  liistory  is  full  of  fables ;  nor  do  tliey  dato 
the  6rst  traces  of  their  union  into  socinl  hordes,  further  back  tlian 
300  years.  The  first  profane  historian  whose  works  remain, 
Herodotus,  can  bosat  an  antiquity  of  only  23tH')  years.  Tlio  prior 
writers  whom  he  may  have  consulted  are  only  a  century  older. 
Even  Homer,  the  master  and  per[>etual  moflel  of  the  western 
world,  preceded  our  age  by  no  more  tlian  2700  or  2800  years. 

Wljen  these  Erst  historiuns  speak  of  aiicient  events  either  of 
their  own  nation,  or  of  neighlmurinf^  ones,  they  cite  merely  oral 
traditiuiiH,  and  not  public  HTitings.  It  was  not  till  long  afterwards 
that  pretended  extracts  were  given  of  the  Egy{)tian,  Phenician,  and 
Babylonian  annals.  Derovus  wrote  under  the  reign  of  Seleucus 
Nicator,  Hierunymus  under  that  of  Antiochus  Soter,  and  Manetho 
under  Ptolemy  Philadolpiius.  These  all  belong  to  ilie  third  century 
before  Jesus  Christ. 

Whether  Sanconialho  [»e  a  veritable  or  suppositious  author,  he 
was  not  known  till  Philo  of  Byblos  published  his  translation  in  the 
second  centxuy  of  our  era ;  and  though  he  had  been  known,  nothing 
would  have  been  found  in  him,  aa  in  all  the  writera  of  his  class, 
but  a  puerile  theogony. 

A  single  people  preserved  written  annals  in  prose 
before  the  epoch  of  Cyrus,  namely  the  Jews.  That 
portion  of  the  Old  Testament  called  the  Pentateuch, 
exists  under  its  actual  form  at  least  since  the  schism 
of  Jeroboam,  because  the  Samaritans  receive  it  as 
well  as  the  Jews,  making  its  antiquity  on  this 
groiuul  to  be  28CK)  years.     But  since  no  reason 
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can  be  assigned  for  ascribing  its  composition  to  any 
one  but  Moses  himself,  this  tlirows  it  back  500 
years  more,  or  S3  centuries  in  all.  Now  this  work, 
and  every  other  written  since,  however  foreign  to 
Moses  and  his  people,  represent  the  nations  on  tlie 
coasts  of  the  Mediterranean  as  new.  They  exhibit 
them  even  as  semi-barbarous  a  few  centuries  before ; 
and  moreover  they  all  speak  of  a  general  catastrophe, 
an  irruption  of  the  waters,  which  occasioned  an 
almost  entire  renewal  of  the  human  race  ;  of  which 
they  refer  the  era  to  a  date  by  no  means  remote. 
The  Hebrew  text  makes  the  interval  down  to  Mosca 
only  778  years,  and  consequently  no  more  than 
4 17'^  years  from  us. 

The  poetical  traditions  of  the  Greeks,  the  sources 
of  our  profane  histor)'-  for  these  distant  times,  pre- 
sent nothing  contradictory  to  the  annals  of  the 
Jews.  On  the  contiary,  they  perfectly  accord,  as 
to  the  cpocha  of  the  Egyptian  and  Phenician 
colonies,  which  carried  into  Greece  the  first  germs 
of  civilization. 

Neither  Moses  nor  Herodotus  makes  mention  of 
any  great  empire  in  Upper  Asia.  Even  concemiug 
Cyrus,  a  prince  so  remarkable,  Herodotus,  who  lived 
only  100  years  after  him,  avows  that  already  three 
different  accounts  were  given ;  and  60  years  later 
Xenophoti  wrote  a  biograi)hy  of  Cyrus  quite  dif- 
ferent from  that  of  Herodotus. 

It  is  certain  that  tlje  tradition  of  ilie  delage  existed  in  Armenk 
before  tlie  conversion  of  l!ie  inhabilauts  to  Christianity,  and  tlie 
eiiy  which,  according  to  Josephus,  was  palled  ilie  Plate  qfdit$emi, 
existe  still  at  tlie  foot  of  Mount  Ararat,  and  bear*  the  name  Nachid- 
chevanj  which  hua  that  signification. 


HINDOO  CHROKOLOGY  SPURIOUS 


The  Choitkingy  the  most  ancient  atid  autbeuiic  book  of  the 
Chinese,  begins  tlie  histury  of  their  country,  with  aii  emperor  culled 
YoOf  whom  it  represeiits  as  offupicd  iii  di-avving  olT  the  waters, 
tvhic/iy  havinrj  risen  up  to  Me  IleavcJiSy  bathed  at  the  same  time  Oie 
bases  of  the  highest  manniainsy  covered  entireiy  tJte  lower  hdts,  aitd 
rendered  the  ievel  grounds  i/nprissable.  This  Yao  dates  according 
to  some,  416G  years  from  the  actual  time,  bein^  an  entire  coinci- 
dence with  the  Hebrew  chronolog)'.  Uthera  make  him  about  200 
years  later. 

"  Is  it  possible,'*  says  M,  Cuvier,  **  tliat  mere 
accident  should  afford  so  striking  a  result,  as  to  unite 
the  traditional  origin  of  the  Assyrian,  Indian,  and 
Chinese  monarchies  to  the  same  epoch  of  about 
4000  years  from  the  present  time  ?  Could  tiie  ideas 
of  nations  who  possessed  almost  no  mutual  aflinities ; 
whose  language,  religion,  and  laws,  had  nothing  in 
common  j  could  they  conspire  to  one  point,  did  not 
truth  bring  them  together?"  Even  the  Americana 
have  their  Noah,  or  Deucalion,  as  well  as  the 
Indians,  the  Babylonians,  and  the  Greeks. 

Tlie  Clmldean  observatians  of  eclipses  aoliiaUy  preserved  and 
cited  by  Ptolemy,  do  not  go  back  more  tlian  2500  years  from  our 
times.  The  Babylonian  or  first  Assyrian  monarchy  could  not  hare 
been  long  powerful,  sinco  there  exiBte<l  all  around  it,  many  imsub- 
jected  tribes,  such  aa  the  Phdislines^  Moabites,  and  all  those  of 
Syria,  until  the  establishment  of  wliat  is  called  the  second  kin(|^dora 
of  Assyria-  The  tliousanda  of  years,  therefore,  whieli  the  Clial- 
deans  assumed,  must  have  been  equally  fabulous  as  those  of  the 
E^^tians  were. 

The  disesteem  of  the  records  of  revelation  was 
never  more  unluckily  displayed,  than  by  the  eager- 
ness with  which  some  modern  sava7is,  adopted  and 
strufforled  to  defend  the  famous  astronomical  tables 
of  the  Hindoos.  Though  these  are  fabrications  of 
a  recent  date,  as  we  shall  presently  show,  it  is 
worthy  of  remark,  that  one  of  their  ancient  revolt 
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tions  of  the  globe  is  described  in  terms  nearly  coin-j 
cidcnt  with  the  Mosaic  account.     Their  first  thri 
avatars,  or  descents  of  Vishnu,  clearly  relate  to  aoj 
universal  deluge,  in  wliich  only  eight  persons  were] 
saved. 

The  paradoxical  Treatise  of  the  eloquent  bu 
unfortunate    Bailly    on    the    Hindoo   ChronologyJ 
would  have  been  little  known  in  this  country,  ani 
would  have  had  little  influence  to  depreciate  the^ 
veracity  of  Moses,  but  for  the  elaborate  commentary ^ 
and  eulogium  of  Professor  Playfair  j-ead  before  tlie] 
Royal  Society  of  Edinburgh  in  I7H8,  and  published 
in  their  Transactions  for  1790.     Here  he  announced) 
the  following  conclusions  j  **  On  the  grounds  which 
have  now  been  explained,  the  following  general 
conclusions  appear  to  be  established.     The  obser- 
vations on  which  the  Astronomy  of  India  is  founded 
were  made  more  than  SCHJO  years  before  tlic  Chris- 
tian era,"  (consequently  more  than  650  years  before 
the  deluge  by  the  Hebrew  Chronology),   "  and  in 
particular,  the  places  of  the  sun  and  moon,  at  the 
beginning  of  the  Calyougham,"  (tlie  age  of  misfor- 
tune, 310^,  A.  C.)  "  were  determined  by  actual 
observation. 

"  Two  other  of  tlie  elements  of  this  astronorayt 
tlie  equation  of  the  sun's  centre,  and  the  obliquity 
of  the  ecliptic,  when  compared  with  those  of  the 
present  time,  seem  to  point  to  a  period  still  more 
remote,  and  to  fix  the  origin  of  this  astronomy  1000 
or  1*200  years  earlier,  that  is  4S00  years  before  the 
Christian  era;  and  the  time  necessary  to  have 
brought  the  arts  of  calculating  and  obser\ing  to 
such  perfection,  as  they  must  have  attained  at  the 
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beginning  of  tlie  Calyougham,  comes  in  support  of 
the  same  conclusion. 

"  It  is  through  the  medium  of  astronomy  alone 
tliat  a  few  rays  from  those  distant  objects/*  (the 
ancient  inhabitants  of  the  globe)  "  can  be  conveyed 
in  safety  to  the  eye  of  a  modem  observer,  so  as  to 
aftbrd  him  a  light,  which  though  it  be  scanty,  is 
pure  mid  unbroken,  and  free  from  the  false  colouring 
of  vanity  aiid  sujterslition.*' 

The  Professor  of  Mathematics  came  to  these 
conclusions  after  verifying  the  calculations  and 
examining  the  reasonings  of  Bailly's  Astronomic  In- 
dienne,  with  the  most  scrupulous  attention.  "  The 
result  was,  an  entire  conviction  of  the  accuracy  of 
the  one,  and  of  the  solidity  of  the  other." — Flay- 
fair's  Works^  vol.  III^  p,  95. 

Mr,  Playfair  was  singularly  unfortunate  in  this 
memoir,  botii  as  a  Theologian  and  Geometer ;  and 
his  complacency  in  the  liyht  that  he  was  studying 
to  shed,  indicates  a  strange  infatuation  ;  for  both 
Laplace  and  Delambre  have  demonstrated  it  to  be 
impure  and  broken,  and  full  o/'  the  false  colouring 
of  vanity  and  superstition.  The  accomplished  mind 
and  amiable  manners  of  the  Professor,  gave  his 
opinions  much  importance  in  society  ;  whence  the 
above  conclusions  so  solemnly  announced  as  mathe- 
matical truths,  brought  the  history  of  Moses  into 
contempt  wherever  the  influence  of  his  name 
extended.  What  a  pity  tliat  some  of  his  fellow 
ministers  of  the  Scottish  Church  had  not  been  able 
to  persuade  him  to  Ibllow  tlie  sage  counsel  of  Ricu- 
pero's  Bishop,  "  not  to  make  the  world  older  than 
Moses  had  donel" 
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Laplace,  on  whose  science  the  Professor  pro- 
nounced so  splendid  a  panegyric,  has  examined  I 
the  Indian  tables,  in  his  S^st^me  du  Monde  with.^ 
his  customary  precision. 

"  Every  thing,"  says  he,  "  leads  us  to  conclude 
that  they  are  not  of  high  antiquity*  They  have 
t\vo  principal  epochas  which  go  back,  one  to  thei 
year  3102,  and  the  other  to  1491  years  before  tlie 
Christian  era.  These  are  linked  together  by  the 
mean  movements  of  the  sun,  moon  and  planets, 
so  that  one  of  the  epoclias  is  necessarily  Jictitious. 
The  celebrated  author  (M.  Bailly)  to  whom  I  refer, 
has  tried  to  establish  in  his  treatise  on  Indian  As- 
tronomy,  that  the  first  of  these  epochas  is  founded 
on  observation.  Notwithstanding  his  proofs,  ex- 
pounded with  all  the  interest  wliich  he  could  bestow 
on  the  most  complex  subjects,  I  consider  it  very 
probable,  that  this  epocha  has  been  invented  for 
tlic  puqjose  of  giving  a  common  origin  upon  the 
zodiac,  to  the  movements  of  the  celestial  bodies. 
In  fact,  if  we  assume  ibr  our  point  of  departure  the 
epocha  of  1491,  and  go  back  by  means  of  the  Indian 
Tables,  to  the  year  3102  before  the  Christian  era,  we 
obtain  a  general  conjunction  of  the  siui,  moon  and 
planets,  as  these  tables  suppose  ;  but  this  conjunction 
differs  too  much  from  tiie  result  of  our  best  tables 
to  have  taken  place^  demonstrating  (hat  the  epocha 
to  "whichity^e/ers is  SOT  c;nou\nED  on  observation. 

"  The  tables  all  together,  and  particularly  the 
impossibility  of  tlie  conjunction  which  tlicy  sup- 
pose at  the  same  epocha,  prove  on  the  contrary 
that  they  have  been  constructed,  or  at  least  rectifit*ti 
in  modem  times."     Book  V,  chap.  I. 


REFUTED  BY  LAPLACE  AND  DELAM6RK 


"  The  whole  system  of  the  Indian  tables,"  says 
Cnvier,  "so  elaborately  conceived.  Jails  to  pieces  of 
itself,  now  that  it  has  been  proved  that  this  epocha 
was  adopted  posthitmously  fapr^s  coupj^  from  cal- 
cuhitioas  retrospectively  made,  the  result  of  which  is 
Jalse.  Mr.  Bentley  has  discovered  that  the  tables  of 
Tirvalouron  which  the  assertions  of  Bailly  were  prin- 
cipally founded,  must  have  been  computed  towards 
the  year  1281  of  the  Christian  era,"  (only  547 
years  ago),  "  and  that  the  Sonrya-Siddhanta  which 
the  Brahmins  esteem  their  most  ancient  scientific 
treatise  on  astronomy,  pretending  that  it  was  given 
by  revelation  more  than  ^0  millions  of  years  since, 
could  have  been  composed  only  7^7  years  before 
our  own  time."  Ossemens  Fossiles,  Dis.  PreL  p.  111. 

Thorough  conviction  on  this  point  is  of  such  vital 
importance  both  to  science  and  revelation,  that  I 
subjoin  Delambre's  decision  from  his  admirable  his- 
tory of  Astronomy,  ancient  and  modem. 

"  The  extensive  treatise  on  Indian  Astronomy,  by 
Bailly,  has  been  laboured  with  more  care  than  any 
of  his  other  works.  We  regret  only  to  remark  too 
frequently  in  it,  that  spirit  of  system  which  predomi- 
nates in  all  his  productions.  Instead  of  giving  a  simple 
exposition  of  facts  which  may  enable  us  afterwards 
to  consider  them  in  every  point  of  view,  he  espouses 
an  opinion  to  which  lie  makes  every  thing  conform. 
He  renders  it  available  with  much  address,  and  by 
approximations  whicli  are  often  specious.  Some- 
times, and  especially  in  his  Indian  treatise,  he 
intrenches  himself  behind  an  imposing  mass  of  cal- 
culations, carefully  dissembhng  whatever  may  prove 
prejudicial  to  his  cause,  as  well  as  the  objections 
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that  might  be  advanced,  and  which  he  himself  could 
not  fail  to  perceive." 

"  If  we  be  allowed  to  hazard  a  conjecture,  we 
would  say,  that  BaUly  never  writes  but  to  prop  a 
system  framed  beforehand  ;  that  he  glances  slightly 
over  the  writings  of  the  ancients,  reading  them  ht 
bad  translations  ;  and  that  he  runs  over  all  the  cal- 
culations in  order  to  pick  out  obscure  passages  wliich 
may  lend  some  countenance  to  his  ideas." 

"  When  we  inquire  why  the  Indians  chose  the 
remote  and  fictitious  epoch  of  Cali-youg,  or  misfor- 
tune, we  perceive,  in  the  first  place,  that  it  was  from 
national  vanity  j  and  in  the  next,  that  they  might 
make  all  the  planets  start  from  one  point,  a  con- 
junction which  their  method  of  calculation  required. 
If  we  further  ask,  why  they  adopted  a  complicated 
method  which  employs  divisions  and  multiplications 
of  enormous  numbers,  with  so  many  additions,  sub- 
tractions, reductions,  and  different  precepts,  the 
answer  is,  that  they  did  not  wish  for  written  tables; 
they  wanted  numbers  which  could  be  put  into  tech- 
nical verses,  even  into  songs,  so  that  the  calcula»| 
tions  might  be  performed  without  opening  a  book. 
These  facts,  now  well  known  througli  the  labours] 
of  the  Asiatic  Society,  are  alone  sufficient  to  sulvj 
vert  the  whole  system  of  Hailly." 

"Mr,  Playfair,  in  the  4th  volume  of  the  Edinburgh; 
Pliilosophical  Transactions,  has  spoken  of  the  Indian^ 
table  of  sines,  believing  it  to  be  very  ancient.  Corvj 
sequently  he  is  not  surprised  at  finding  no  tangeni 
in  it  which  were  not  known  in  Europe  till  the  Itithj 
century-  But  as  the  idea  of  them  is  very  dearlf  j 
expounded  in  the  work  of  Albategui,  and  as»  in  tli 
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I3tli  century,  wc  find  tables  of  tangents  calculated 
by  the  Arabs,  we  need  not  wonder  if  they  should  be 
found  in  the  iSoiu-ya-Siddhanta,  whose  date  is  now 
known  to  be  no  more  ancient.  The  Professor  is 
astonished  at  seeing  versed  sines  among  the  Indians ; 
but  his  memory  has  betrayed  him,  when  he  asserts, 
that  tlie  Arabs  did  not  know  them.  He  acknow- 
ledges that  the  Indians  have  not  actually  de- 
monstrated eitlier  oi  the  two  processes  wliich  they 
point  out  for  these  calculations.  I  would  be 
tempted  to  believe  that  tliey  were  ignorant  of  these 
demonstrations ;  it'  they  had  known  tlie  principle, 
their  table  would  have  been  probably  a  little  better. 
Mr-  Pi  ay  fair  has  not  calculated  it  anew  ;  he  has  not 
even  had  the  discernment  to  perceive  tlie  error  of 
tlie  divisor  225,  substituted,  probably  by  an  error 
of  the  copy,  for  the  true  divisor  235  »5  !" 

Mr.  Davis  dpduces  from  Uis  elaborate  examination  of  the  In<]ian 
aatroDomtc&l  u'ritiugs,  tliat  tlie  Cali-youg,  tike  the  Jatiait  perioil  of 
Europe,  has  been  eompoandcd  by  a  retrograde  calculation.  It  is 
a  principle  ndmtttetl  almost  nniverrally  among  the  Indian  astrono- 
mera,  to  ussume  an  epoch,  at  which  all  the  planetH  were  in  con- 
junction^ in  the  firet  point  of  Aries.  They  ihtn  jirocced  as  if  this 
general  conjunction  )iad  really  been  obaeiTed,  and  they  determine 
the  nit»aii  movements,  which  will  gire  for  the  time  of  the  writer, 
the  position  of  the  planot^i  »uch  bh  he  ha.^  been  able  to  aanign. 
Having  thus  fixed  the  epoch9,  they  next  travel  back  m  far  lut4> 
antiquity,  that  l\\p  errors  of  the  ancient  epocita  may  vanish,  wlien 
divided  by  the  number  of  intervening  years.  Hence  the  mean 
movementa  employed,  diD'er  from  the  movements  known  to  them, 
only  by  absolutely  insensible  quantities.  Let  tliere  he  assumed  for 
the  epoch  a  dau>  G-ISUOO  year§  distant.  Without  onibarra.ssing  our- 
selves with  the  real  position  of  the  planets  at  that  inRtnnt  (ft  point 
ImpoHsible  Ut  determine),  we  may  make  all  the  longitTjdea  =  0,  or 
wo  may  suppose  a  general  conjunction  in  the  beginning  of  Arieff. 
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Tile  greatest  error  that  can  possibly  be  coinmitted  will  be  a 

180° 
circie,  or  180°  cue  way  or  another;  but  -    =   1";   that  by 

taking  Buch  a  6otitiouR  raiige»  the  greatest  posaible  error  bccwpei 
eraaesceot. 

This  idea  of  the  Hindoo  system,  given  by  Mr. 
Bentley,  says  M.  Delambre,  is  so  natural,  that  I 
am  astonislied  it  did  not  occur  to  M.  Bailly,  and 
make  the  pen  tall  from  his  hand.  It  occurred  to 
myself  on  the  first  perusal  of  M.  Bailly's  book,  be- 
fore the  publication  of  the  first  volume  of  the  Asia* 
tic  Researches,  and  it  made  such  an  impression  on 
iny  mind,  that  I  could  never  place  the  least  reliance 
on  tlie  pretended  proofs  that  he  adduced,  nor  would  | 
I  have  ever  seriously  entered  into  the  discussion, 
could  I  have  avoided  it  in  this  history  of  astronomy. 

VVouUl  a  European  astronomer  iu  ejcauiiniiig  our  Tables  whidi 
go  back  to  the  epoch  of  800  years  before  the  Chrifttian  era,  co 
that  they  were  really  estahliiihed  on  obserrations  made  2628 
ago  ?     Such,   )iowGi^er,   in  the   error  into  which    Bailly 
Scottish  partisan  hare  fallen.     Astronomical  colculationa 
with  hliituncal  docnmentH  to  prove  iliat  the   age   of  the   Sonrya- 
Siddhanta   coineides   witli   the  year   lOGO  of   the   Christian  eia. 
Hence  Varalia  who  composed  that    Hindoo  treatise,  WTote  anfaae- 
tjueiitly  to  the  Arab,  and  long  after  the  Greek  aslronomera. 

"The  Edinburgh  Review  warmly  espoused  tJie 
dogmas  of  Bailly  and  Playfair,  and  a  writer  in  its 
first  number  affirmed  that  it  was  not  proved  that 
Varalm-Mira,  was  Varaha  the  author  of  the  Sourya- 
Siddhanta. 

"  In  the  6tli  volume  of  the  Asiatic  Kesearches,**  odds  M.  Delambw, 
'^  Mr,  Uentley  establishes  his  first  asseilion  on  proof-i  too  long  \o 
admit  of  analysis  here.  VV^e  may  affirm,  however,  that  the  objee* 
tions  uf  the  critic  ha^l  little  foundation,  and  iltat  the  mean  becwata 
all  i|ie  resuUv  poaseaaea  erery  probability,  that  can  be  deairetl  ia 
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matters.  Moreover,  Mr.  Bentley  confinns  hU  proportion  by  a 
iminber  of  new  calculations  which  we  deem  it  needlesa  to  trao- 
scribe."     Histoire  de  L' Astronomic  Ancienue^  1,  494. 

The  Hindoos  transposed  their  history,  to  tlieir  fictitious  system 
of  astronomical  rpochs.  This  transfer  orroatoned  a  thousand 
palpable  ahsurdities ;  to  disguise  which,  they  were  obliged  to 
remould  i\\*ivr  pottrajiaSj  to  introduce  lictious,  and  prophecies  which 
might  correspond  with  the  tmd  they  had  ia  view  ;  but  these  very 
artifices  more  elenrly  display  the  folly  of  the  enterprise.  This 
system  of  aultquity,  t]iou<;h  fitted  in  ninny  respects  to  flatter  the 
national  vanity^  excited  rnimcrous  reclamRtionSf  wliich  contioned 
as  lont^  as  the  memory  of  the  ancient  order  waa  preserved.  The 
necessity  was  then  perceiveil  of  causing  all  its  vestigea  to  disappear. 
There  is,  indeed,  a  current  tradition  that  the  Mahrattas  (Mabar- 
astras)  destroyed  all  the  works  of  the  ancient  astronomers  that 
could  be  found.  "  Finallvt  it  appears  that  there  does  nut  exist  at 
present  a  single  Hindoo  book,  wbich  can  possess  an  antiquity  higher 
tlum  ISOO  years,  if  it  makes  the  slightest  mention  of  these  enormous 
periods  ;  ami  tliat  none  of  the  romances  eatled  pouranas  date 
farther  back  from  the  present  time  tlian  C04  yearsj  while  some  of 
them  are  more  modem  still  I" 

The  opinion  therefore  entertained  by  the  Hin- 
doos about  tlieir  antiquity,  is  founded  principally 
on  vanity,  ignorance,  and  credulity.  "Their great 
geographical  treatises  are  merely  a  tissue  of  the  most 
incredible  absurdities,  of  which  we  shall  say  nothing 
else  here,  out  of  regard  to  the  honour  of  the  Hin- 
doos, One  of  them  is  of  tlie  5tli,  and  the  other  of 
the  10th  century  of  our  era,"     Ibid,  p.  500. 

In  concluding  my  survey  of  the  primeval  world, 
while  I  readily  acknowledge  that  many  of  my  views 
are  but  partially  developed,  or  faintly  shadowed  forth, 
and  that  some  of  them  may  want  confirmation,  yet  I 
trust  that  the  accordances  brought  out  between 
scientific  induction,  and  sacred  history,  are  neither 
fanciful,  nor  overstrained.   Well  aware  of  the  morbid 
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resilience  of  the  human  mind  against  arguments  of 
this  nature  too  closely  pressed  on  its  acceptance,  I 
have  omitted  to  notice  in  the  progress  of  my  in- 
quiries, several  analogies  on  which  it  would  have 
been  not  luidelightful  to  expatiate.  Such  as  belong 
to  the  deluge  the  reader  will  spontaneously  recog- 
nise, on  comparing  the  graphic  description  of  Moses, 
with  my  delineation,  directly  drawn  from  physical 
principles.  For  a  ])opular  narrative  what  language 
could  be  happier  tium  the  following :  "  The  same 
day  were  all  the  fountains  of  the  great  deep  broken 
up,  and  the  windows  of  heaven  were  opened  !"  The 
atmospheric  calm,  also,  which  prevailed  during  the 
consummation  of  the  catastrophe,  the  resulting  tran- 
quillity of  the  circumfluent  waters,  and  the  majestic 
buoyancy  of  the  Ark,  are  well  indicated  in  the 
record.  "  The  waters  increased,  and  bare  up  tlie 
ark,  and  it  was  lift  up  above  the  earth.  And  the 
waters  prevailed,  and  were  increased  greatly  upon 
the  earth  ;  and  tlie  ark  wml  upon  tlie  face  of  the 
waters." — Genesis^  chap.  vii.  And  long  before  the 
dilu\nal  dcflux  acquired  its  destructive  velocity, 
we  arc  informed  that  the  proto-ship  was  quietly 
grounded  on  the  siunmit  of  a  mountain. 

I  now  dismiss  tliese  lucubi-ations,  humbly  hoping 
that  they  may  promote  the  study  of  a  new,  but 
magnificent  field  of  knowledge,  and  a  far  greater 
good  than  ail  physical  science  can  bestow,  one 
which  tlie  finest  philosophical  spirit  of  the  age, 
justly  declares  he  would  prefer  to  everj'  other 
blessing,  as  most  delightful  and  most  useful  to  him — 
a  firm  religious  belief.* 

•   Sir  H.  Oavy,  in  .SnlinoHia,  p.  130. 
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Plates  L  IL  IIL  IV.  and  V.,  representing  the  fossil  shells 
olt  tlie  successive  mineral  strata,  require  no  explanation,  as 
the  generic  and  specific  names,  according  to  Mr.  SowerbVs 
nomenclature,  are  annexed  to  each  shell.  The  mineral 
conchology  of  this  eminent  naturalist  is  a  work  of  great 
merit,  which  every  practical  geologist  should  have  in  his 
hands,  as  it  will  enable  him  to  discriminate  witJi  accuracy 
the  several  secondary  and  tertiary  fonnalious  from  one 
another.  The  ammonites 
occur  in  all  the  formations, 
up  to  the  chalk  inclusively, 
in  which  they  abound.  The 
figure  on  the  margin  is  a 
section  of  an  ammonite,  to 
show  the  course  of  the  si- 
phuncle,  or  channel  of  com- 
munication between  each 
successive  cell  in  the  spiral.  It  is  belleveil  that  tlie  mem- 
branes of  the  molluscous  animal  in  the  living  state  enve- 
loped this  shell,  us  the  sepia  and  nautilus  do  theirs.  See 
p.  *>S6  at  top. 

Piute  VI.  is  a  Uthoi^raphic  representation  of  the  petri- 
fied stem  and  leaves  of  a  plant  akin  to  the  cactus  ajlinffri' 
cus  of  Marlius.     See  p.  44-9, 

Tlie  fossil  was  found  in  the  neifrhbourhood  of  Swinridge- 
muir  in  Ayrshire,  in  a  stratum  of  very  hard  coal-sundstone. 
The  whole  freestone  be<l  is  thickly  interspersed  with  these 
stems,  liaving  the  leaves  No.  t  attached  to  them.  In  the 
blocks  cut  out  by  the  quarriers,  the  leaves  ure  seen  radiat- 
ing, as  it  were,  from  the  stems  in  all  directions,  to  a  lengtli 
of  from  18  to  fully  21  inclies.  The  stems  are  frequently 
enci<)6ed  in  a  thin  case  of  stone,  resembling  the  bark  of  a 
tree,  with  a  surface  like  that  of  the  interior  organic  fonn, 
through  which  case,  the  leaves  pass,  being  there  ntlenualeit. 
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The  workmen  have  lately  begun  to  quarry  a  lower  stralunit 
which  is  much  softer,  ant!  seemingly  destitute  of  vegetable 
remains.  A  coal  mine  exists  in  the  immediate  neighbour- 
hood, f 

Fig.  1,  Represents  the  fossil  stem  upon  a  considerably 
reduced  scale. 

Fig.  2,  Is  a  portion  of  the  natural  size,  to  show  the  sur- 
face figures  more  distinctly. 

Fig.  3,  Is  a  magnified  view  of  one  of  the  cicatrices 
or  scars ;  whence  tlie  leaves  have  fallen,  with  the  central 
umbilicated  papilla. 

Fig.  4,  Portion  of  tlic  stone  that  enveloped  the  stem, 
in  which  the  leaves  are  imbedded ;  of  the  natural  size. 

o.  Corresponds  to  the  pilh  of  die  stem,  nearly  in  the 
axis  of  the  fossil,  from  which  a  soft  or  spongy  matter  may 
be  extracted  by  the  fingers  from  some  specimens;  longi- 
tudinally wrinkled  on  its  surface. 

In  the  coal-measures  immediately  round  Glasgow,  petri- 
fied cactuses  are  very  common.  I  have  one  from  Mr. 
Dixon's  coal-field,  in  ttie  form  of  a  compressed  stem, 
(somewhat  like  an  opuntia,)  covered  with  a  tliin  crust  of 
pyrites,  veins  of  which  pass  also  through  it«  Tlie  fossil  \a 
attenuated  at  the  edges.  The  surface  is  areolated  willj 
ovate  umbilici  disposed  in  diagonal  lines  parallel  to  each 
other.  The  umbilici  with  their  central  lnl)erc!es,  are  in 
several  coses  filled  with  carbonaceous  matter,  as  might  be 
expected  from  the  circumstance  of  the  petrified  plant  hftT- 
ing  been  enveloped  in  a  moss  of  cubical  coaL 

Plate  VII.  Represents  the  cavern  of  Gaylenreutli,  as 
delineated  by  Dr.  Bucklaiid. 

A.  The  entrance;  a  passage  from  6  to  10  feel  high, 
opening  outwardly  in  a  steep  cliff,  and  cjcpanding  inwardly 
into  the  large  chamber  B,  studded  with  stalactite  on  its 
roof,  and  stalagmite  on  its  floor,  which  uniting  iu  liie 
centre  of  die  chamber,  form  a  species  of  pillar. 
C.  Crust  of  stalagmite^  forming  a  nearly  complete 
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to  the  chamber  B,  but  broken   into  patches  iii  tlie  lower 
apartment  F. 

D.  Bed  of  diluvial  loam,  mixed  with  bones  and  teeth. 

E.  Hole  dug  in  the  mass  D,  in  exhuming  the  bones. 

F.  Second  chamber^  beparated  from  the  first,  by  a  mural 
precipice* 

G.  Enormous  congeries  of  bones,  lying  among  loose 
eartli  in  a  deep  cavern,  which  descends  from  the  side  of  the 
chaml>er  F.  H,  the  empty  vault  of  the  cavern  over  the 
bones  at  G. 

I.  Mass  of  bones  25  feet  deep,  mixed  witli  pebbles  and 
loam.  It  is  cemented  by  stalugmite  into  a  boHd  osseous 
conglomerate,  somewhat  like  the  Mediterranean  breccia. 

K.  Well,  sunk  25  feet  into  L,  in  order  to  extract  tlie 
bones. 

KK.  Cavities  dug  at  the  bottom  of  the  well  K  ;  but  not 
perforating  tlirough  the  breccia  to  the  subjacent  limestone. 

L.  Another  artificial  cavity  dug  in  the  side  of  I,  in 
search  of  bones. 

M.  Low  corridor  connecting  the  chambers  F  and  N. 

N.  Small  innermost  chamber,  on  whose  floor  the  well  K 
is  sunk,  Dr,  Buckland  considers  this  to  have  been  origi- 
nally the  roof  of  a  deep  cave,  which  has  been  filled  by  the 
moss  of  bones  and  diluvium  1 1. 
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34.  Fossil  gyrogonite  of  the  Bakie  loch,          .         .  348 

35.  Valleys  of  denudation ;  as  on  the  Devon  coasts,  367 

36.  StafFa,  with  Fingal's  cave,       ....  402 

37.  Pseudo  stratification  of  trap,  ....  405 

38.  Vertical  trap  veins  through  sandstone  in  Strathaird,  407 

39.  Trap  vein  perforated  in  its  axis  by  ftnotlier  trap 

vein, 408 

40.  Polypodium  impression  in  slate-clay,      .         .  442 

41.  Calamites  approximatus  of  A.  Brogniart,       .  444 

42.  Clathraria  from  Tilgate  forest,  in  Sussex,       .  454 

43.  Molar  tooth  of  fossil  elephant,  one-third  of  the 

natural  size, 523 

44.  Jaw-bonesof  fossil  and  living  elephant,          .  525 

45.  Tooth  of  the  great  Ohio  Mastodon,        .         .  526 

46.  Teeth  of  fossil  hippopotamus,        .         .         .  537 

47.  Tooth  of  fossil  rhinoceros,     .         •         .         .  540 

48.  Complete  skeleton  of  Megatherium,      .        .  545 

49.  Skull  of  great  cavern  bear  fursus  speUeusJ^     .  558 

50.  Jaw  of  fossil  hyaena, 555 

51.  Section  of  an  ammonite ;  see  explanation  of  plates. 
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